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vn\w\vK 

A U)N(! oxiKTionci’ of ioiu-liint; Macliitm <'oiisti iiflion iiiid Drawing lo .stiidciils of many kinds lias led to tlie 
conclusion lliat in oi'dcv to l»c altic to produce in a ic,asonal)lc tinui a woi'kinif drawing of, sa\’, a inacliinc. 
Ar an cn,ttin(“. detail, a stndcid. iiiusf know tkoioiigldy certain I'umkuncntal facts. He must, I'or instance, l»c 
familiar with llie ))ro[»ortions usually adopted for siieli simple (hdails as rixets, liolts, keys, cotters, ami so on. 

The plan followed in this hook has heen first to deserihe these, details hrielly. ami then to eivc what 
may !’'■ t'U'me.d their usual empirical proportions—which arc ohtainahle without ealeulatiou. In any suhstapieid, 
drawino oiycii in the hook or to la- made hv the student -in which these simple machine or eiif^ine details 
occur, the. dimensions have to he determined I'rom the em])irieal jiro|)ortions |)reviously supplieil. In this 
way till.' student)- oains unconsciously a. eomph'te familiarity with the. commonly oeeurrintt siinph' details. 
In spee.ial cases, of course, calculations are m-ci'.ssary, and the results ohlaincd hy actual I'xpeiicnc.e in 
particular instances must he utilis, d. The ■tijt.udent is .shown, hy numerous examples, how the,sc proces.seH arc 
])e.rformcd. 

An examination of tiie contents of the volume -w'ill, it is helie.ved, show that an unusually large numhi'r 
as well as a great variety of machine and engine, details have, heen hrought together in the hook. It 
diould he, understood, however, tliat no attcnpit has hi'cn made to include every e.s.scntial with which a 
machine draughtsman should he acijnainted. ) 

After the finst tliree chapters have hetm mastered, the various .sections may he taken in any oirter that 
the teacher finds most convenient,. Students working alone may lind it the hest jila.n for a first reading-- 
uter stud3dng the first three, chapters to deal only with the easier exainjdes which begin each chapter, 
Jserving the. remaining exerei.ses for a sub.seijuent jierusal of the book. 
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PREFACE 


It is almost im[)f)ssil»lc to acknowledf'c cacli one of the many sources from which assistance has been 
obtained in preparin'' the boolc, but referenee must be made gratefully to the well-known standard works 
of Prof. Unwin. Numerous examples have been taken from examination papers, j)artieularly those of the 
li(.)ard of Kdiusation, and pcirmi.ssioii to do this has been given by the Controller ofi H.M. Stationery Olliee; 
these (piestions are recognised easily by the letters B.E. attached in each case. • 

1 am indi'bted to Mr. C. I‘. Butler for several photograjdis reproduced in the followung pages, and to 
the Council of the Institution of Mechanical Engineers for kind permission to use illustiations which appear 
in their publications. 

The work of preparing the MSS. and of seeing the book through'the press has been lightened a great 
deal by the kindly advice and experienced criticism received from Rir Richard Gregory and Mr. A. 'f. Simmons; 
and much trouble has laam saved by the excellent way in which the printing lias l)een done by Messrs. 
MacLehose & Co. Ltd. 
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Introductory. Although in some subjects, sueli as Freehand or Model Drawing, it is necessary to Sx^vf 
strai<»-ht and curved lines without the aid of niathcinatieal instruments, this is not the case in Maclime 
Drawing. In making tke di'awings with which the reader of this book is coiuierncd, such 
instruments arc continually required, and it tluu-eforc bce,omes necessary at the outset to 
indicate the really necessary instruments, and also to explain how, when these have been 
obtained, they may be inaiutaiiied in an elHeient eondition. • r a 

The few necessary in. truinciits should be as fur as possible of the best quality. A 
mistake too often made by the beginner is tx) substitute (pumMy for (jimlity, the result 
taking the fqrm of a nicely varni.shcd box containing a number of instruments the majority 
of which are probably of little or no use. If tx) comineneo with it is impos.sihle to jmrcliaso 
a good and fairly complete set, it will be better and cheaper for the student in the. long 
run to obtain those instruments which aty. absolutely necessary and afterwards to add 
gradually to his stock. 

Pencils. Pencils should be neither too hard nor too soft; with ^ the former, grooves 
are frequently made in the jiapcr; while with the latter, it is a difficult luatter to .draw 
lines sufficiently fine for accurate work, tus well as to presijrvc a uniform thickiui^ of line 
throughout. In using soft pencils,'also, a portion of the lead is ca.sily rubbed on by the 
friction of the set squares and this is dejiositcd on the mirface of the paper in the form 
of dust, which tends to give the drawing a smeared and dirty appearance. 

Probably the best pencil for general work will be found to be an HH or H, although in many cases an 
HHH or HHHH may be used with advantage. Such iiencils are used most conveniently, when sha^pnM 
to a chisel point, along the edges of the T-sipiare and the set stpiares. With this form of point (iiig. 1; 
aM.c. A . 
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eclgo is eiisily mfiintained by occasiouiilly rul)l)iiig on a ])inc,c of finn xand paper or on a smooth file. 

A softer pencil may be used for sketcliing or f(w ge.neral purj)oses and may be sharnened to a 
1 round point (Kig. 2). ^ 


Oompassea. One pair of C-ineli eomiiasses will be required. The legs ^should be double-jointed, 

one terminating in a round point, or arranged to carry a needle, the otlier carrying a pencil or an 

inking-i)cn. ” 

When a needle is n.sed it should be as firm as pos.sible. To efbait this there, are many 

different methods of fastening adopted, and of the.se that .shown in Kig. 8 is very effective. The 

joint at J may be tigJitened or released by means of a .small .sti'el Jvcy, which con.sists simply 
of a small flat ])ieee of .steid with two jhns or iirojee.tions fitting tlic two small holes of the 
e.ompas.s. The adjn.stment just refernal to is frecjuently necessary. Thus, if tlie joint is too tight, 
.some diilieiilty will be e.xperieneed in readily setting the eompas.ses to a dimension ; and if the joint 
is not snflieienlly firm, an alteration may occur during the process of transferring a dimcn.sion frotn 
ee to anolher. * 


Dividers. Two forms 


dividers are shown 


(Kig. 4). TJiat at 


which is better 



■0 

Fin. 3.-0" y,,,. .| _i)ni,iero. 


C 

than that at A, is jirovided with a screw adjustment. In ^.his case rotation of the screw S to the 
right ^or left enables the point to waii'h ,* is attached to be. ojiened or closed through a small distance. 

Smaller compasses, pen and jiene.il, of about the sine .shown in Kig. f*, arc necessary. Those most 
suitoble have two joints, as shown at J and K. In the case of the jien compasses the knee -joint at 
K is indi8[)cnaable for good work. 
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Drawing pen. There arc many varieticH of drawing pens. (>no of tin' most 
(Fig. (j). The pen slionld l)c of goo<l cpiality, and the handle is usually made 
of ivory or similar material. 

Spring bows. (Comparatively small dinnuisions, and es]H>e.ially small eirc.le.s, 
are mo.st readily drawn hy wliat are known as Ixnrs (Fig. 7). 'Phese 

may be obtained oitluir .sc^parately, or in a small box in which they may be 
k(*pt when not in use. 


useful is about 5" or 6" long 



Drawing board and T-square. The size of the drawing board obviously Ki«. 5 .-.r Cmnpiuwcs. 

will dej)end on the .size of’pa])or to be used. A e<»m])arativ(‘ly large sheet of 

()a.per will reejuire a corre.spouding large board, and altlunigh a small drawing could la; made on a large 
board it is far from convenient. Suitahh', sizes are known as Itn^tc/rial, 30^^ x and half these dimensions, 



known as Half-Imperial. Though the former will be found u.scful sometimes, the latter is the more 
serviceable for the majority of purposes, and is suitable for most of the exercises given in this book. 

The drawing boanl should be made of well-seasoned yellow' pine and be free Irom knots. It should bo 
provided with cross-bars or battens ^it the back to prevent the board from warping. 

T-square. The blade AB of the T-sqparo should* be C(|ual in length to the drawing board^^Whe best 
material for it is mahogany w'ith an ebony working edge. Such T-squares are somewhat expensive, and 
those made of pear wood are fref[uently used. The blade of the square should be firmly attached to the 
stock, but not sunk into it. The edge of the blade in time iMSiomes uneven owing to the friction of the 
pen and pencil, and it becomes necessary to remove the blade from time to time for the purpose of 
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rectifying the-edge Ijy iiiuiin,s cf u plain!. To ensure that, when rcplaiied, the angle between the blade and 

the stock is unaltered, a couple of small wooden 
dowels, or pins, arc usually inserted in the stock, 
as at d d (Fig. 8), and these fit tightly into holes 
in the blade. * 

Drawing pins. TIu! drawing paper used for 
exercise work and for working drawings is usually 
fastened to the drawing board by means of four 
drawing pins, one at ea.ch corner of the paper. By 
this nuithod the paper may alter its position, or 
the lu'ads of the drawing pin.s may oKstruct the 
free motion of the T-sipiarc and the set square!^ 
To avoid the latter objection, the corners may be 
aceun!d by the use of a small ijuantity of sealing 
wax. 'I'he paper on whic.h finished drawings are 
to be, made, or on which a comparatively large 
amount of labour is to be spent, is often stretched 
upon the board. 1’bis stretching may be effected 
Kiu. 8. -nra»mg n.mr.i ami Set .smittriH. by turning down a portion about half an inch 

wide ./111 round the paper; the surface of the 
paper is next damped with a .s])onge or cloth and the turned down portion 
is coateil with thin glue, or gum ; ne.xt, the glued edges arc pressed ttare- 
fully to th(i board, and when dry the pajicr presents a smooth surface. 

Set squares. Two set sijuartis, one GO', the other 45", of about the 
dimensions given in Fig. 8, arc required. They may be oltfaiiucd cither of 
the form shown in Fig. !) or (ii) (Fig. 8). The latter 'forms arc known as 
framed sot 8(]uarc.s. Both kinds arc mndt vf a variety of materials, such 
as pear wood, sycamore, vul(!anite, celluloid, etc.. The framed set squares 
arc easier to handle, and when made of pear wood or sycamore they are not 
9g liable to alter their shape as those illustrated in Eig. 9. S-— 
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French curves. What are called Fj-eiicli curvi's are usually made use of to draw those curves for which 
the compasses arc not ajjplicablc. Such curves arc made of various materials, sizes, and shapes. French 




Cjivvcs made of pear wood or celluloid are, however, very (;onv(',nient for use, and are obtainable in a variety 
of iiiffereiit forms. A useful form is shown in Fig. 10, hgt Harrison’s scale-graded curves, one of which is 
show'.i in Fig. 11, are the best for all purpose.s. 
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Fio. 14. 


Calipers. To obtain the dimensions of round objects, such as cylinders, 
etc., two pairs of calipers, called mside and mitmie calipers, respectively, 
n!te necessary.# The former arc .shown at A (Fig. 12), and are when 

the diajneter or width of a cylindrical cavity has to be detcrmiMd, as at 
C in Fig. 13. The oiitxide ctilijjers, B, (Fig. 12), are used to determine 
a dimcn.sion such as the diameter of a sphere. When the dimension has 
been obtained, the calipers may be applied to a rule or siiale., and the magnitude of the dimension ascertained. 

Scales. An ordinary two-feet rule or steel scale is used usually with the calipcns. For machine drawing. 


Fia. 12.—Insido and Out- 
Bide Calipori;. 


Fio. 13. 
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what is callctl lui ojxui-tlividc'd stialo is usoful. Such a scale is f^cncrally 8 or 12 hic-hcs long, and is made of 
boxwood. 'J’hc sc-clioii of sucli a scale, may be. either of tlie forms shown in the illustration (Fig. 14). With 
either <jf thes(‘ forms the scale may he a|)j)licd dii'cctly <o the drawing, thus avoiding the u.sc of instru¬ 
ments, a plan which enahh's the draughtsman readily a.nd accurately to mark off a dimension on his drawing. 
The use of dividtu’s or eom]tas.scs on such a scale rapidly ohiiterat.i's the division.s. 

An open-divided scale usually shows scales of ;J, j-',.. inches on one side, and 

and 1 inch on the other. 

Printing. 'J’he title or descri]»tion of a. (hawing may he eitlnu- written or printed. If 
the former plan is ('Uiployed, a clear hold handwritijig .should he used. Probably, the best 
results aie obtained in printing when the letters are drawn freehand by a jum or brush ; but, 
in t he majority of cases, .s/c/MvV/d/;/ (tjijxtralus is u.sed. iStruril jtlatrs aiv jnade of thin .sheet 
(!opper or zinc, in which the various h'tters and lignres are cut. Spcc.iid planting ink and 
brushes are su|)i)lied with the apparatus. The setting of each letter or figure may he facilitated 
if a line is drawn on the stencil jilate at, the has(( of each leltiar, or figure. 

Enlarging or reducing drawings. It is sometimi's nece.s.sary to (>,nlargi‘ or to reduce a 
drawing. 'I'his process may lie efi'ecti'd in .several differimt ways. One method is to divide 
the surface of the papi'r on which the. drawing is made into a large number of .small .squares, 
and by means of anotlu r sheet, on which the sipiares are larger or smaller than tho.so on 
the first sheet, the drawing is enlarged or reduced as I'ecjuired. 

Another method is to enqiloy an instriam'ut called a jtmiUHjraph, which (tonsiste of a 
.series of jointed level's carrying a tracing jioint, and a pencil or pen. Starting from any 

convenient point, the tracing jioint is carried round tin* outliiu' of the figure, until the start¬ 

ing point is again reached. The jiencil or jieii in the meantime makes an enlarged or 
reduced copy of the figure. The pantogriq^i is of great'use to draughtsmen in map drawing, 
etc,., hut is not u.sed much in machine* driuviiig. 

Proportional compasses. In dealing with the enlargement or reduction of machine drawings, 
proportional conqiasses may he usial in preference t,o either of the two previous methods. The 
imstruinent consists of two limbs, having at each end rounded ])oint.s as in a pair of dividei-s. The connection 

between the. limbs is made, by means of a pivot which can be plivc,ed at any position along the slot (Fig. 15). 
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USE OF INSTRUMENTS 


I’he iristrunKMit Ih markod so that wlicn the two points at one end are set to any yiven ditnension, the 
distance between the points at the other will Ijo 1, etc., of it. 

Use of instruments. It is not only of the iit-nio.st iinjiortnnee to b<' abh; to make an accurate drawing, 
but also to work rapidly and easily so as to eomplete a drawing in a reasonable, time. To efle.et this, 
facility in hainlling drawing instruments must be acquii'ed, and this is possible only by constant practice. 



To ensure that all instruments are maiutiiine.d in an cHicimit condition, the following points should 
receive careful attention. » *^||||^ 

Use of T-square. The T-sipiare, should bo ])lae,ed on the l)oard in the position shown in Fig, 16, and 
the stcKsk, S, should be alloweil only to slide along the left hand edge of the board; and it should not 
be used on the other edges. The left hand edge of the hoaid and the stock, S, and blade, B, of the T-square 
should be tested by means of a .straight edg(‘., and if they are not straight they should be corrected by 
means of a trymg-plane before being used. {. 
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Use of set squares. S(!t s(|imrc.s .sliould be te.stcrl by jdacing thein in tlie j)ositioi)s shown in Fig. 16, 
and drawing vertical lines. If, when the .squares arci reversed (as indicated by the dotted lines), the edges 
of the set sfjnarcs do not agna; with the lines already drawn, the edges sliould be adjustetl until the lines 
drawn in the two positions coiraMdc,. 

Tin? angle f)f 4.')' may be tested by dniwing an angle of 4.’)', and obbiining eoineidence of the edge 
of the set Hipiani and the liiK! already di'awn when the sei s(]uare is reversed. 



Fu:. 17. Tost of the Ant^los of a Sot S<iuaro. 


The 60 ’ and 30° angles of the reniaining set squacc mily be tested by drawing an angle, BAF (Fig. 17), 
ecpial to 60' with the set .s(|uare, and >■,-versing the set s<juare to obtain an angle of 30° The edge of the 
T-squai-e may be nnule to coineidc with AC, and if the set srjuare is inserted in the angle CAF, its edge 
should coincide with AF. If it does not, t.he necessary adjustment must be made. 

A eonvenient method of drawing pandlel and pe.rpeiidic.ular lines is to slide one .set square on the edge 
of another. Lines perpendicular to the lairallcl lines drawn in this manner are ea-sily drawn by reversing 




I] ' THE CLTNOGRAPH d 

the set square (Fig. 18). These methods of drawing lines parallel and perpendicular to each other are 

of great use in practice. 

Olinograph. One of the most useful instruments for drawing inclined lines and lines parallel to them 
is Harrison's Clinogruph (Fig. 19). Tlie edge B is made to slide along the edge of the T-square, and the 



joint at J is .sufficiently rigid to enable any number of parallel lines to be drawn. When the clinograph is 
reversed, a lino at the .same inclination to the horizon, but sloping in the opposite direction, e4in be drawn. 

Batting a drawing pen. A drawing pen of g(K)d material will be serviceable usually for a long time 
before it is necessary to reset it. In some cases, however, the pen, after comparatively little use, requires „ 
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attention. When neceasjiry, tlie two iiil)s of tlie pen should be brought into cont/fUit by nu'ana of tlio screw 
8 (Fig. 20); then, holding the pen in a vtu tical position, the nibs are made of the winie length by rubbing 

the end of th(‘- pen on an oilstone. The end of the pen should 
not be flat but carefully rounded. The rounding may be effected 
by moving the j»en from side to side during the jn'oeess of rubbing 
as indicated by the dotted lines in Fig. 20. 'I’hc nibs arc iniscrcwe.d 
afterwards and each workcsi uj) to a good edge, wliic;]! should be 
rounded by slightly rocking the ])cn between the ling(!r.s during the 
rubbing. The inclination at which the pen is held shouhl intircfise 
as the rubbing proceeds, and care must be taken not to make a 
sharp edge; to ensure this the cflge should be c.xamintsl at frei^uent 
intcrval.s. When finished, each nib should have the same appt^arance 
and should, when looked at end-on, .show a .small .spot of light. 
Afi.er CiMc.fully wiping the nibs to get rid of all traces of oil the 
pen should be tried by u.sing it to draw thick and thin lines. If 
the pen is too sharp it may be put right by making a few stroke-s 
Pio. 20.—Sotting a Drawing I’on. with it Oil Cartridge papier. 

The compa.ss pen is adju.sted in a similar manner. 

'riic inside surliices of the nibs must not be sharpened. If a slight burr is formed during sharpening, 
it may bo removed by using a small piece of smooth emery paper, or better by a thin slip of oilstone. 
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places thc 7 nsolv(!s iinli'ss ilio scale to which the map is drawn is specified. Tinas, the distance betweana two 
places maiy be kaaowai to be .‘10 miles; if oaa tlae map this alistauace is represented by a leaigth of '6", then 
the distiaaace baitween two other towaas aane iaac.h aipart on tlae sauaaa' naap would be 10 miles. Such ai mavp 
would he SJiid to be di'uwaa to a Kc(dc of 10 milcn to an inch. laa a siaaiihir laaainuer, if on a drawing a 
dislaaice of 4 iaac,h(‘s a■(^pl■ese.aats 1 foaat, the se.ale would be. 4"= 1' aar 4^ faall .size. Although sc.ides can be 
aabtaiiaied a4a('a])ly it is often aieccssairy h) lae aable to aaaadvc aaaie. Saaeh a scade slnaaahl be as aacaa'.airate as 
possible. !iai(l lae aaaaade eitlaer oaa thia-k caaa'ta’idge paipcr or oaa thin cardboaird. Saaales should be kept flat aiad 
without creai.ses for future use. 


JKxarnp/c. Make a f<ca,lc of A"-V or ^ fnU xize. 

llniw two liaaes aboaat aaa eighth or thaee si.xteeiaths of an inch apairt. Measure off a length 
AB = 4" (Fig. *21) ; this leaagth reprc.seiit.s 1 ft. or 12 in. and maa,y be divided into 12 equal parts, 
aaad these maiy be saabdlvided faaa'ther iaato hadf or apaaiater inc.haa.s. Finally, ais naauay divisions dcna>ting 
feet a.s niaiy be aaeeessiiay aare maaa-ked off from loft to' aight, aiad the scale is conaplete. 

Dimensions. The diaaaa'aasioras of aiaa obja'ct au'i*. aasaiailly iaidicaa.t.cd by dottaaal liiaa's; the saiaaill arrow- 
head.s at the eaad a>f the bait's should be ])aat iaa neatly anal should join close up to the lines frona which 
the (ii.iieaisioaas aav taken. laa Fig. 22 the length of the rcattaaigh' is 1 foot 2 inches, 

and thi.s is expre..ssed by l' 2"; the width is inches aaad is dauiotaad by G|". 

Angular measurements. Abbrevial loias arc aiseal also to deaaotc aaigaalar measurcmciats. 

Thus, aaa auagle of thii'ty alega'caas, twenty minutes, taaaa .sec.oiads, is wa’itten 30“ 20^ 10". 

To uaadiu'staaad clearly what such a, aiieasaaa’aameaat impliaas, the be.giaaaier may consider tlae 
m(.)tion of a poiaater, such as a auovadile radius of ai circle, or the miaaaite hanal ol a 
adock, ciipablc of auoviaag about an axis aar ceaatre A (Fig. 23). If saaada a liaae, as AC, 
majves iaa the oppaasite darcetion to 'the haaials of a cloask, theaa that anaaaamt aaf rotatiaan 
of the liaae may be expressed by tht' angde DAC. 'Bais angle may be iaialicaited either 
by thti niaaaibe.r of ahiga'ces or radians iaa it. 

Measurement in degrees. A.ssaamiaig thaa aiirctaiaafca'caiaae of a cirade taa be divideal iaato 
360 eqaaal jaarts, then aaay two corasecaative ]K)iaats joiaaa'd to the aae.aatre will eaiclawc aaa angle of one degree. 
A line AC^ (Fig. 23) perpenalicular to AC will be oaie-foairth part of 360“ or 90". 
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If H poitit C., be tiikpii, suc.li that tlic arc CC, is -^Ui a soniicirclc, then the angle CACa = 30'. Again, 
if Cl is the niidclle point of the arc CC^, then Ci joined to A, will denote an angle of 45’. 

Radian measure. The radian itKiasure of an angle denotes the ratio —. The unit of measurement 

radnts 

is obtained by taking an arc CD (Fig. 23) e<|ual to the radius AC : by joining D to A, the angle DAC— 
equal to one radian = 57'’S approxiniatcdy—is obtained. 




Fin. 25.—Use of Protractor. 


Protractor. The angles 30", 4.5“, 00°, and 90°, may be .set out by means of set squares, and multiples 
and submultiples of these, may be obtained by bis<>ction and by the pnKie.ss of adding one angle to another. 
But any angle (including thosti referred to) can be set out at once by means of a 2 ^^'otractor. Such an 
instrument is usually made either in the ^"irm of a circle, a scluicirelc, or rectangle. The two latter are 
shown in Fig. 24. 

Use of protractor. At the paint B in the line, AC, to make an angle of 35" (Fig. 25). Place the 
mark on the 2 notract.or immediately below the division marked 90° coincident with the |K)int B and 
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the division corresponding to 35" on the line AC. Using the edge of the ])rotractor us a ruler, draw 
the line BD. 'J'hen DBC is an angle of 35" recjiiired. 

Conver.scly, to nicasiire the niagnitnde of a given angle : put the mark N • 

on the protractor at the vertex of the angle and tlie edge of the protra<!tor 

coii’cident with one of the lines forming the angle; then the magnitude of y \ 

the angle, can be read off at the point where the remaining line crosses the ■ y \ 

divided edge of the protractor. yr \ 


Table 

frequently 
ProDably 
means of 


of chords. Ordinary protractors arc rarely trustworthy, and it 
happens that expensive instruments arc more or le.ss inaccurate, p. 
the most aeeui’atc method of setting out a required angle is by 
a table of chords. 

Example. To set out an angle of 43°. 


Fta. 28.—UsB (it a Soulo of Chorda. 





27.—Motriej Projection. 


On any convenient stiale make PM equal to 10 units (Fig j26). 
With P as centre and PM as radius, describe an arc of a circle. 
In Table IV. (p. 243), wo find corre.spouding to 43"' the number 0‘733, 
and multiplying this by 10 we obtain 7’33. Hence, with centre M 
and radius 7'33, describe an arc intersecting the former arc in N. 
•Joii! N to P, then MPN is an angle of 43°. 

Projection. As an easy example of projection we 'may consider how 
the representation of a simple bdx such as that shown in Fig. 27 may be 
made. The dimensions are as follows : Length, .2 ft. G in.;; width, 1 ft. 3.ip.; 
depth, 1 ft. G in.; thickness, 2 in. A hole 12 in. diameter is made in 
one- of the longer sides. These dimensions, as indicated in Fig. 'Vjl^would 
be 2' 6", 1' 3", 1' G’"', respectively. ! 

As the representation of such an object may be made in several 
different ways it may be desirable to ascertain briefly the rejative advantages 
and disadvantiigcs of these methods of representation. 

A photograph of the box would show the relative length, width, 
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depth, and thickness, in one view, the disadvantage being that it wotdd be inipossilde k) apply ii scale 

to. the j)hotogra])h to ascertain the actual 



dinie.nsioii of any part. 

The assim)])ti(ui is made tliat the box 
is so constructed tliiit a photogra])h of it is 
obtainable. When this is not the case the 
phot.ographic nusthod obviously is inapplicable. 

Perspective projection. A representation 
of the, bo.x might be made in jierspeetive 
projection. Such a ])rojeetiou would, as in 
tlie precediyg case, indicate the relative 
dimensions of lenglb, width, and depth, and 
woidd correspond in many re.spects to the 
])hotograph. 'I'ln; objections us to measure¬ 
ment apply also to this method. 



Another method in which the three 
dimen-sions may not only be, shown in one, 
view but in addition may be measured by 
means of a scale is known as metric jn’ojection. 

Metric projection. For the purpose of 
repre.sentiug the box in metric projection 
three axes Ox, Oy, and Oz, as in Fig. 27, 
are drawn. All dimensions along Oy and Oz 
arc made full size. The same scale could be 
<• used for dimensions in the direction Ox, but 
it,will be found that such a method produces 
a di.stortcd figure, and it is much better to 
reduce the dimensions in the direction of Ox. 
A useful and easily made setde drawing is 


Fia. ‘28.—Metric Projection of a Cro88-ho»d. 


obtiiined by setting ofl’ all dimensions in the 
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(lireftioii of Oy or Oz to true size and the dimensions in the direcstiou Ox to half size. Thus, in Fig. 27, 
AB ;ind BC are made 2' 6" and 1' G" respectively, but BE is made ^ x 1' 3" or 7^" to the same scale. 
Fig. 28 shows a small crosshcad drawn half .size in metric ])rojeetu)U. 

Orthographic projection. Tlie u.sual method adcjpted by engineers and others to I’epreseiit solid objects, 
such as oe(;ur in machiiK's aud machine details, is called 
ortliofjrapldc prajiuiion. Lin less the object is of the .simple.st 

form, (,wo or more views i)n)perly ])rojeeted from each other 
are required. Various names are given to these views, sudi 
as (‘h'l'filfiii, plan, serthon, sccti.oiml plan,, end vieir, and 
seriUnial elceation. Using as a model an (uiqtty I'octangular 
box (such as a cigar box without a lid), it will be an easy 
matter to verify the, projections shown in Fig. 21). Thesc 
prdjections should be drawn carefully to .scale as follows: 

Uuimucncc by drawiitg an indefinite line and marking 
off to .se,ale the. two points a and b (Fig. 21)) e(pial to 2' 6". 

Draw vertical lines at a and b, making be equal to t' 6", 
and d.aw cd parallel to ab. Obtain O, the centre of the 
face abed. With O as eenire and radius G", de.scribe a 
circle. Then the elevation of the box is conqdeted by 
drawing dotted lines parallel to ab. be, and ad, and at a 
distance <jf 2" from them. These linos repre.sent the thick¬ 
ness of the box. By tlu! sot .square project the edges bc 
aud ad. Draw a line ef and make eh ■« 1^ 8^^; also draw 
hg parallel to ef. Mark off from ef and eh equal distances of 2", and draw the inner rectangle; then 
the two rcctaughis shown riqnescnt ^he plan of the box. 

The end view is projected from the clevatioh and the width obtained from the phin. . 

Sections and sectioning. In the drawings of machines and machine details, the clcvatic)n, plan, and end 
view, are not a.lway.s .sufHe.ieut to show clearly the whohi aivangemcnt, particularly the internal arrangenaent. 
Dotted lines may be used for the purpo.s(?, but the.se are in many eases difficult to follow. The objects 
arc assumed, consequently, to be cut by section 'phtnes in such a manner that the arrangement of the 



Fki. 29.—Orthographic Projection. 
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various parts cun 1)c dourly seen. If sc'c-tions of tLc box along lines such as AB and CD be assumed, 
then views (iorrcsponding to nectional. elcvcuions arc obtaihod, as in Fig. 29. The parts cut by a plane 
of .secition arc iudiesated by (me of the following nie.thods. The first plan is to draw diagonal lines at or 
about 45°, (iithcr freehand or more ac-curately with the 45° set srpnive. Such section lines, however, can 
be put in much more ra})idly with a brush, using a suitabh; colour for the purpose. 

A flat wash of colour applied to tho.so. parts which arc in section may al.so be used for the same purpose. 

In each of the <;olour nmthods thei'c is tlu' distinct advantage that the nmtcrials of whiidi the parts 

arc made can be. seen at onc-e from the drawing. 

The colours ijsed by engineers and indicated in the following table may be obtained either in the 

form of (In/ or moist, colours. Dry colours are obtainable in cakes or hnlf-cakes and ai'c rubbed down 

with a small yuantity of wat«)r in a suitfible dish or saucer. Moi.st colours arc obtainable in porcelain 
pam or in .vo/? metal Inhes and only require the addition of water to render them fit for use. The 
conventional colours used by ('.ngineers for machine drawings arc given in the following table: 


MATERIAli. 

COLOUR, 

(/list iron. 

I’ayuo’s grey or nontral tint. 

Wrought iron. 

I’i'UKsian hlno. 

Stool, 

T’urplc (may las ohtainod hy mixing prussinn blue and crimBon lake). 

BruHs, 

(lamlwgo or Indian Lake. 

Briokwork, 

(ViniHon I^ake. 

WwhI, 

Burnt Sionna. 

Stono, 

Bistre. 

Korth, 

Sepin. 


Conventional arrangementa. Ihdts, nuts, screws, ri»cts, and pins, which oexuir along a plane of sexstaon. 
are not usually shown in srretion except wlren they are cut by a section plane in a direction at right angles 
to their length, i.e. in a transverse dir’cction. 

Sectioning. When it is inconverrierrt or impus.siblc tp denote the materials used in the construction of a 
machine detail by suitable colours, the matm-ials may be indicated by suitable alterations in the sectioning 
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iidoptecL A list of the inateriiils in eonmion uso, togetliev with tlie form of w'Dtioiiing which may he used 
to designate, them, is given in Fig. :h). In tlie majority of cjises, however, the nature, of tlu! material cun 
he easily inferred from tlni drawing, or, if not, a description may be w'ritten on it. 

Saucers and brushes. 1’lie. difficulty with regard t^> .sec.tioning is removed by the use of suitable colours 
to designate the various mat('rials. A list of colours is givem on ]). J(!. Porcelain <lishes or saucers, supplied 
in the form of a "nest” consisting of four or more dislies fitting one above the otlusr (Fig. .‘tl), are u.sually 
used to hold the c,olours. 

The lu-nslu's mn,y be either of camel luiir or sable. Sable, although mon' e.xpensive, is much tn be 
preferred to camel hair. WJien tilled with colour the bru.sh should terudnate in a tijie point. (Fig. .‘12.) 

Inking in. A good black ink is obtaiue.d by rubbing a stick of ('hiru'.se or Indian ink in a little water. 
The colour may be tested from tnm^ to time as the rubbing proceeds by dipping a bru.sh in the ink and 
suleai'iag it on a ])ie<‘e of white paper. 'riiere are. many kinds of Jliiid ((.Ihinese and Indian) inks to be 



Fki. 3(}. -Convcntioiml SoHitmiiig. ^ Fni. 31. Fi«. 32. 

obtained, but in many eases tln^ lini's made .by thcisc arc, when dry, of a dark brown colour instead of being 
black. But by- the. proce.ss ot rubbing a deep black ink may be obtaiue<l, tin*, lines made by which are, when 
dry, of a glossy a])]}e.arance. 

As a iiile it will be found t(j be easier to draw straight lilies touiihing curves than to perform the 
converse opemtion ; hemai, when inking in, it is advi.sab]e to commence by inserting all the circle? and arc? 

O.H.O. 
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of circiles in tlin drawing. When this lias been flom>. the horizontal lines may he inserted hy using the 
T-siiuare, and the remaining lines hy means of the s(‘t squares. The drawing is now complete, with the 
possible exception of perhaps a little, cleaning hy means ot a soft piece oi india-ruliher. 

Sections of bars. In the drawings of machines and machine details it often haiipeiis that it is only 
necessary to show a portion of the Inigth of a bar, and thus “breaks” occur, 'riiese breaks may be used 
‘ with little trouble as a nmaiis of indicnting at a 

glance the form of the cross-section. The method 
applii'd to some of the .standard forms kept in 
stock by iron merchants is shown in Fig. 33. 
Thus, at (a), the section indicates a round bar; 
at (b), a hollow round bar; at (c), a square bar; 
at (d), a rectangular or flat bar; at (e),an I-.sec- 
tion; at (f), an angle; and at (g), one of the 
usfdiil conventional methods of indicating the 
break in a piece of timber. 

Standard forms. In Fig. 34 are shown some 
cross-sections of the forms of bars usually kept 
in stock by iron merchants and others. 

Working drawings. A working drawing 
usually need not be inked in and coloured. A 
common method is to make a clear and accurate 
drawing in pencil, and from this to make a 
trnciuij in ink. The tracing can then be used 
to obtain as many copies as are required in the 
form of prints. 8uch prints arc either what are cailed 'hlue-prints, %.e., white lines on a blue ground; or 
black and white, i.e. black or dark brown on » white ground. - . , • , • u 

The iiHuting frame necessary to obtain such prints simply consists of a frame in which the tracing can be 
placed close to a transparent sheet of glass. Beliiml the tracing is placed a sheet of prepared paper, and behind 
this a strip of felt or cloth to ]>revent light from entering except at the front. After exposure to the light 
the prepared paper is taken out and washed in water, and when dry is fit for use. In blue prints 



any sections 
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that occur may be indicated by diagonal section lines. The same process may also be adopted in the “black 
and white.” Or, tlie outline only need be shown, tlie colours indicating any sections being put on the print. 



Fig. 36. 
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Tracings. In inakiuff a traciti*;;, what is called Iracmg paper or Irarinfj cJafJi is used. The pa])er or 
cloth is placed over Ihe drawinjj; and faslened to tin; drawinc- lioard l)y imams of <lrawing pins. As the 
lines show clearly tfirongh the, transjiarent jiaper, a copy can he. made in ink. Care, innst he. taken that 
the lines are not too tliin, and also lliat they arc tlironghout unilorin. in thiekneas. Any of the exercises 
in the followimj; chapters nan' l)e used for tliis purfawe,. 

Ea'ample. Make a fracha/ of the diaprnm ulunen in Tig. 05. 



Fw. 36. 


Hand sketching. If is of the utmost importance td a student to be able to make hand sketches of 
maiihine details. The various parts .sliouhi be inserted in .fairly gooil proportion, and, in addition, 
important dimensions should be. indieatcil. For the i)nrpose, of such sketches, pa|)er ruled into ^-inch 
sipiares is \'('ry suitable; the lines forming the sfjuaK'.s are usually of a faint grey colour and do not 
interfere with tlie lines of the sketih. Sketches may be made readily to full, half, or tparter size. 
Figs. 3(> and 37 show two .sketches; the former is full size and the latter is j|;-full size. 
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Simple geometrical constructions. I'lie following simple but iiny)ortant geometrical constructions should 
bo noted carefully : 

To his(‘H a litii’ AB hy a, l'nu> porynidirvlar to it. Let AB be the given line. With A and B as 
centres, and any convenient radius, describe arcs intersc(!ting at C and D (Fig. ;i8). d’bc line CD, joining 
the points of intersection, is j)e.rpendicular to and bisects AB. 



'To Insect a given angle. Let EBF (Fig. 39) be the given angle. With B as centre, and any convenient 
length, mtirk off ecjual distances BA and BC. With centres A and C, and any conveuieut radius, describe 
arcs intersecting in a point D. .loin D to B. Then DB is the roquu-cd bisector. 

To descrihe a circle passing through three givem points. Let A, B, and C be the three given points. 
With A and B, and B and C, as centres, desenne intersecting arcsf (Fig. 40). Join the points of intersection, 
and produce the lines to intersect at a })oint O. 'Phen O is the centre recjuired. 

To find the centre of a circle or circular arc. I’his exercise is oidy a repetition of the preceding one, 
Take three points in the circle or ciniular arc, and, as in the preceding case, describe intersecting arcs 
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Join the ])oirits of intersection, and produce until they intcr.see,t at a point. This point of intersection is the 
centre required. 

To desmhe a circle of given rcidins touching a given straight line and a given circle. Ijct AB be 
the given line and C tll(^ givtui (urcle (Fig. 41). As a .simple exajuple wc may assume the radius of the 
givv.n circle to be l". It is obvious that as the circle has to t.ouch the line AB, its centre will lie at 
some point, on a line EF parallel to AB and l" from it. Similarly, the centre will lie in an arc of a 




circle of centre C and at a distance of 1" from the circumferencie. The intersee.tion of the arc with the 
line EF i.s the centre required. 

The three angles of a triangle are together eanal to two right angles. This important geometrical i^aroposition 
may be verified by several methods. An c-xpcrimbiitfiL verification is as follows : 

Draw any triangle. ABC (Fig. 42). • Denote the thr('.e angles by A, B, and C ; add the angle C 
to the angle A, tlum an angle such as CAE is obtained; finally, add the angle B. Jhe result is the angle 
CAF, i.e. the line CA produced. 

Begular polygon. When the .sides or edges of a polygon are equal in length, and all the angles are 
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C(jiiul, t.lui is called a regular fwlygon. I’lio following teblo gives the iiuiubcr of sides in the more 

important regular polygons. The table should be eonnnitted to memory: 

equilateral triangle. 1 7 sides, 


sales, 

I .. 

.. 

(i 


S(piare. 

p(‘ntagon. 

hexau-ou. 


8 

9 

10 


lu'ptagon. 

oet.agon. 

uonagon. 

decagon. 


To conslruct a regular polggoii., given, ih.e length of one of its sides. 

Eqtiilateraa triangle. L(>t AB denote tlu! length of the given side (Fig. 43). Then an er|uilateral triangle 
may be obtained by using tin". (!()" set s<|uare. Or, with A as centre, and radius AB, describe an arc; similarly, 

with B as eenti’c and the same, radius, dc.scribe another arc, intersecting the 
former in C; join C to A and B; then BAG is an (spulateral triangle. 

Square. A scpiare may be constructed by making AD perpendicular to 
and e(jual to AB, and drawing lines parallel to AD and AB respectively. 

Hexagon. Draw the. line AH with the (10" set square and make 
AH=AB; reverse the. set. .sijuarc and draw HG, inaking HG = AH. 
'I'his pi-oeedure forms one half of the hexagon. The polygon is com¬ 
pleted by using t he T and" the. set scpiare. 

Octagon. An octagon may be constructe<l similarly by using the 45° 
set square. 

If all the angular ])uints, ABE..., of a regular polygon be joined 
to the. centre C (l'’i,g< 43), the niimber of triangles formed is obviou-sly 
e(pi;d ti. the ninhber of sides in the figure. Kince the sum of all the 
angles formed at the centre is 4 right angles, or 3G0", it follows that 
to obtain the. magnitude of the angle in a regular ])olygon we may use the following rule; From twice 
the. nuvihev of sides in the figure, subirm't four, multiply the remainder by 90’, and finally divide by the 
number of sides in the figure. 






1] SIMPLE GEOMETRICAL CONSTRUCTIONS 25 

Examj)l(\ Find the angle between any two sides in a r<^gular («) hexagon, (i») pentagon. 

(a) Here doul)le the number of sides is 12. 
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(I2-4)90^|,_,^^„ 

6 

('>) 

c * 

00 

o 

II 

c 

o ' 

T- 


Anotlier method wliieh depends only on eonstruetion is as follows: 

Willi A as centre and radius AB de.scribe a seinieirele ; divide the semieirelc into the .same number of 
equal parts as the number of sides in thi! figure, and number the.se 1, 2, 3,...; join A to division 2. 
Then BA and AE arc two sides of the required tigure (Fig. 44). 



Example. CoiistrucL a regular pentagon, length of side H". 

Make AB (Fig. 44) equal to 14'' and with A as centre and AB as radius de.seribe a semicirole. 
Divide the semicircle into five equal parts. .loin A to 2; then EA, AB, are two sides of the required 




peutagoii. Join A to 3 luid to 4 niid pmluco the lines; the polygon is completed by making EF, FQ 
er|ual to AB. 

Ellipse. If O is the eentre of an ellipse (Fig. 45), the lines AA', BB' at right angles to each other 
and passing tliiongh O are. llie n-rex of the ellipse. 'I'ho longer a.xis AA' is called the major axis, and 

the shorter BB' t he minor axis. . , r i, ■ r\ t-x. 

'I’o olifain t)oiuts on the curve we may u.se a straight strip ot paper in the following way. Un tne 
strip mark off lengths YP eiiual to OA', and XP equal to OB. If the points X and Y be made to move 



S(i. Fill. 47. —Construction of a Paralmla. 


along the lines AA' and BB', and the snocessivc positions of P arc marked, a series of ptants on the curve 
arc obtained, 'rhe curve may be put in neatly by freehand; or, if neees'-ary, the points nmy be transfOTcd 
to a piece of tjclluloid, thin wood, or zinc, and a template may be made by cutting out the hgure as carefully 
as possible, finishing the edge by a smooth file or a piece of glass paper. In maku^ such a template only 

one quarter or one half the curve is necessary. „ ' . a 

An ellipse, or some approximation to il. is .i, .tally the form adopted for small glands, stuning boxes, the nang^ 
of pipes and other cases where two bolts arc used. An approximation is as follows : Join A to B, set oft 
OF--OA', and BE-BF (h'ig. 4(i). 'fhe line HC', bi.secting A'E at right angles, determines the two centr^, C and 
C'; C being the centre for the circular arc forming one end of the ellipse, while C' is the centre for the upper 
part of the curve. 
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Parabola. ^ A simple method of drawing a portion of a parabola—a modification of which may be used 
to draw an ellipse—is to obtain a series of points on the curve by using either a rectangle or a parallelogram, 

Thus, to inscribe a parabola in the rectangle ABCD (Fig, 47) we may proceed as follows. lii.sect 

the ba.se BC at E : divide BE and BA each into the same number of c(|ual parts; through the points 
1, -i, ...5 draw lines ])arallel to BA; join the ])oints 1, 2, 3, 4, 5, on AB, to E; the points of intersection 
of these lines witli the- lines already drawn give a .series of j)oints on the (uirve required. 

The portion of the curve l,o the right of the jioint E is obtained in a similar manner. The curve 

may be drawn either freehand or by means of a h'rench curve. 


EXERCISES I. 

I. Dr-aw scales of (o) to 1', and (I>) 11" to 1', ea.ch to be long enough to measure. 3 ft.; (a) is to 
read io tcnthis of an inch, and (b) to eighths of an inch. 

:2. Set out an angle of 43“ 20'. lii.sect the. angle, and draAV two circles touching each other anil both 
sides of the angle. The. diameter of the smaller circle i.s to be l". 

3. The base of a triangle is 3 ,')R" long, and the angles adjacent to it are 4r>" and 03“ 40' re.spectively. 
Draw the triangle and measure the, two .sides and remaining angle. State tlii' magnitude of each of the 
augies in radians. Draw a circle pa.ssing thiViugh the angular points of the triangle.^ 

4. Construct a regular heptagon of side 2". 

5. Draw an ellipse .with axes 4" and 2" respectively. 

6. Inscribe a parabola in a rectangle of sides 3" and 1" respectively. ^ 

7. Draw a line 7" long and divide it into nine' equ«tl parts. Construct a triangle with sides cquaWo 2, 3, 
and 4 of the.se parts. Measure the angles‘of the triangle and find their sum. Draw a circle tt) touch the 
three sides of the triangle. 

8. Sketch, full size, the following cross-sections; (i) angle iron 2" x 3" x g", (ii) channel iron 6'' >: 3" x g", 
(iii) tee iron 3" x 3" x g", (iv) double tec or rolled steel joist, flanges 5" x 0*6", web O'O", depth 12". 
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Joints. I'lic joint botween two pinto.s or l)(>twccn tlio pai'ts of a inacliine may be made l)y wciding or a 
similar ])roecss, by rivets, or by lajlts. The j)i'oee.ss of ri.rrlin;/ luniislies a rigid fastening wlneli is usually 

elieaper and .simjder than that obtained by u.sing bolts. yt(aini and water joints 
■ in boilers, in cylinders, in eistorns, etc., may be made in this manner. A 
ri\'ete,d joint, when once made <ain only be di.seonne(;t(Ml by cutting oil’ tins bcad.s 
of he ri\'ets, thus destroying tins fastening. 1’hose joints whi<sh re(|uii’e to be 
di.seoiinee.tisl at intervals for rein'wals or repairs are made irsually by bolts. 

Rivets. A rivet is a. round bar of iron, steel, or other metal, one end usually 

_ being enlarged to form what is called the hend of tins riv(‘t (Fig. 48). The 

[ - 1 — smaller portion is called the shank, or diameter, of the rivet. The opposite end 

PAM Head Sjwnje _dii|^eier_. f]j,, jy (..jjy,! the ijoint of the rivet. 

HEAD i ^ 

._ Riveting. 'I’he two general methods of riveting are known as (a) hand, (b) 

Fio. 4K.—Kivias. inarhinc riveting. In hand riveting the ]joiut of the rivet is ma<le red hot in a 

clear {•hareoal fire or oil furnace; the rivet is then placed in suitable holes in the 
jdates to be joined, with a suHieient huigtli of metal proje(;ting to form the remaining head. 'I'he head of the 
rivet is held in place by means of a heavy weight, wjiilsf the second head is formed by two riveters. This 
.second head may be made conical. The rivets are more easily w'orked in a red hot state than when cold, the 
contraction due to cooling tends, moreover, to draw the plates closer together, and thus to make a better 
joint than would otherwise be the case. 

In machine riveting the head of the rivet is held fiindy in one jaw of a hydraulic or pneumatic machine 
whilst the other fonns the remaining head. In this process great pressure is available; the total pressure is 
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usually aliout 80 tons on oac.li rivet of 1 in. clianictcr, and aliout GO tons <m oac.li 2 I'ivet. In 


boilers, all rivets, wherever possible, ari'. e.lo.seil in 
this manner by liydraulie inai'liiiuiry, hand rivelin<f 
only being allowed where it is impossible, to ajijily 
mai liinery. 

Lap joint. In the joint the two jilates 
overlap each otlier and are seeiire.<l by one or more 
rows of rivets. 

Butt joint. Die name. Imtt joint is givim to the 
joint in whieh the two jilales meet or butt against 
eaeh other, and the joint is made by using one or two 
cover ])lates or butt strajis. 

Pitch. The pitch of tin- rivets is tlie dislanee 
from the centre of one rivet to tlie centre of the 
next. This distance will be denoted in tliis book by 
the letter p. 

In a .single riveted lap joint there is one row or 
line of rows, and two rows in a double riveted joint 
(Fig. 49). 

Margin. The term margin is applied to the 
distance from the, edge of the rivet hole to the edge 
of the plate. 'The minimum distance is the diameter 
of the i-ivet. The margin is usually ,a little greater 
than this, and the distance from the centre of the 
rivet to the edge of the plate is conscijuently a 
little greater than one and a half times the diameter 
of the rivet. 

Forms of rivet heads. Some forms of rivet 



Ki«!. 49 —Single luid Uouble Hivotcil Lap JoinU. 
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heads arc sliown in Fig. 50, and are known as (I) a srtap /w'ctcZ; (II) a conical and pan head ; (III) a 
conntcrmnk head. 



is the form of rivet lu'ud in general u.se. The pr()])()rtions adopted are those shown in 

Fig, 50, the unit being d, the diameter of the 
rivet. Thus, the sjrratd, or diameter, of the 
! rivet head is 17d and the thicknes.s from 0‘6d 



t-o 07d. The thickness is usually slightly 
greater in boiler than in girder work. 

Conical head. A form of rivet head occa¬ 
sionally irsed in hand riveting is the eonuial 
head shown at (II) (Fig. 50). The .spread, or 
diameter, of the head is twice the diameter of 
the riv(!t and the height of tlui head f times the 
diameter. 

Countersunk head. This form of befid weakens 


Fio. 60, the plate through whic.h it pa.s.ses and is not so 

trustworthy as either of the forms I and II ; it is 
only used when the surface of the plate mu.st be free from projections. The proportions adopted are 
indicated at III, ig. 50. 


Drawing a rivet head. From the proportions of the rivet head (Fig. 50) it would be possible in 
any given case to calculate its dimensions. It is, however, much better to obtain these proportions by 
a graphic} method as follows: At one extremity of the diameter AB, draw a line AF at 60° to AB 
(Fig. 51). With B as centre, draw an arc of a circle touching the line AF at E and intersecting the 
centre line at D. * 

Mark oft’ CD = BE, then the head is drawn by using the centre C and radius BE. 

Diameter of rivet. A rough rule sometimes employed is to make the diameter of the rivats equal U, 
twice the thickness of the plates when the plates are less than ^ inch in thickness, and equal to one and a 
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half time.s the tliickiie.sK of tlu' pinto when the thic-kness of the plate is ^ inch and upwards, 
cmpirieal rule is given by tlie e<piution 

d=i-2Vt; 

where d is the diameter of tlie. rivet, and X tlu) thiekness of the plate. 

Exft'itiple. Find the diameter ot the rivets 
suitable for plates thick. 

d = l"2y^5r = 0'9". 


The usual 



'riie rough rule mentioned above would give 


■2 X 


= 0-8439". 



t-io. 61 . 


As values of t are usually fractional, frequently 
fi litth'. manipulation will simplify the calculation. 'Phus, if t is the numerical 
vidue of d can be found by extracting the square roots of 3 and 8 and 
dividing one by the other. Instead of performing this somewhat long and 
laborious operation, we may multiply numerator and denominator by 8, when 
the numerator becomes 24, and it is' only ncccs.sary to divide the square root 
ol 24 by 8. The work is carried out readily in this and all other cases by 
four-figure logarithms or by the slide rule. 

Single riveted lap joint. This form of joint is shown in Fig. 49. As any 
length of the joint will be simply the aggregate of all the small strips into 
which the joint may be assumed to be divided, it i.s only nceessary, as in 
Fig. 52, to draw a strip e(^ual in length to twice the pitch. 

In viorking drawings, the rivet hea<l8 arc shown usually in th(|^jeetional 
elevation (Fig. 52); but, in the case of the plan, instead of drawi^^ircles 
rcpres(mting tho heads of the rivets, it is usual to draw circles e(]ual in diameter 
to the rivets and to section as shown. 

In <rirder work, and in other cases wlicre a comparatively large number 
of rivets^occur, one or two rivets only arc shown, the centres of the remainder, 
being indicated simply by small crosses. 
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OauUdng and fullerinjf. 'I'lio cdiijos of (lie plates forminp; the joints of a hoiler, (‘tc., are suhjected tr 

the pvocessiis of i'duIhuKj ami fiill<‘riiii/ 1o ensure that the two plates are in contact along the, whole length 

of the, joint. Caulking is indicated ali (I) (Fig. 50), and consists in hurling down a. narrow strip of metal 
elo.se to the edge of (he piat.e. Fnihuing is the better method, and is carried out by u.sing a- blunt-nosed 

tool, the ihickm-ss of which is ispial to (hat of the plates. It rc.senibles in many 
respects the caulking tool already'' de,scribed. 

The edges ol' the ])la(,es are plamsl n.sually to an angle of about 75“ tc 

facilitate the proce.s.s of fullering, and the edges art' foi'ia'd up by the fullering tool 

until (he angle is aliout 85°, as in h'ig. 53. In this manner th(“ two plates arc 
brought into close contact in any slack |»laee.s which might otherwise occur, thu.‘ 
ensuring a tight, joint. 

In the tle.sign of a riveted joint, when the thickness of the plates is known, 
the dia,meter of the rivet may be obtaineil fi'om d = l'2v/t: then, from given Oi 
a.ssumcd values of f, or f*, the numerical value of the pitch <'an be calculated. A 
rough .'ule. for a .single riveted laji-joint is (o add 1J," to the diameter of the rivet 
a fact which is expres.sed by the ndation p = d-l- li". 

H'xain/tJr. Draw the. jirojeetions of a single riveted laji joint; thickness of plates, -jj''; diametei 
of rivets, jf". 8cale. full size. 

Commenee by drawing a horizontal line and t wo lines paralhd to and frcmi it. Draw a vertica. 
eentri'. line and mark otf on e.aeh .side of it the radius of the rivet. Complete the projection of tlu 
rivet Ity drawing the heads of the rivet. Mark oH’, on eac.h side of the rivet, a distance of tc 
represent the margin, and (•oniplete the .se,c.tional elevation by drawing the section line.s. The 
j)lan lu’ojected from the elevation can now be drawn. The elevation represents a section on a line 
CD (Fig. 52). The pitch is given by p = 1^" = 1 ? 1|-". 

Double riveted lap joint. A double riveted lap joint wall be best understood by repeating, as follows 
the steps nece.ssary to draw full sizi' a sectional elevation and plan of a double riverted lap joint. Use 
plates iuid rivets. 

Commence by drawdng a horizontal line and tw'o lines at from it. Draw the first rivet A' (Fig. 04) 
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making the distance from the centre of the rivet to tiie edge of tlie plate i J.d, where d denotes the 
diameter of tlie rivet. 

To obtain the plan, eoniinence by drawing a eircle C of f" diameter. 

Measure off a distance e(|ual to the pitch) p = d + 2|", and draw the circle 
representing the sec.ond rivet. To obtaia the centre line of the second 

row of rivets, the diagonal pitch pj is made equal to - ; or rouglily, 

draw a vertical line ])arallel to tlie former and at a dislance 2d from it. 

Wlien the c.ircle.s ilenoting tlie second row of rivets have been inserted, 
the elev.ition can l»e obtained by projection. As any section plane, such 
ai that indicated by the line AB (Fig. 54), docs not pass through the.se 
rivets, they are indicated in elevation by dotted line.s. 

The jiilch p is obtaiined by substituting the values in 
p = d + 2] 

The diagonal pitch is obtained from 

2p + d _ Gf _ 




Pi= 


3 


3 


. ol" 
-4 • 


Hence, with a radius 2|" and with centres C and F (Fig. 54), 
describe an-s of circles intersecting at, a point D. D is the centre 
required, and a circle with centre D and radius j|" denotes the plan of 
the rivet. I 

The elevatjfon of the rivet is determined by projection. 'I'lie elevation 
and plan of tbi riveted joint are completed as shown. 

'The horiz||)tal width w between the two ci^atresMs 1 GS", though 
the rough rule W = 2d would give 1'h". 



Fia. 54.- Double Biveted Lap .Tolnt. 


Bntt joint.! In a butt joint the connection between the two plates may he made either by a single 
plate (or butt fraji as it is frequently termed), or by means of two butt straps, one aliove and the otlH^ 
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below, uy >j' joiiKul Tlic fomcr arraugement is shown at A (Fig. .55) and the latter at B. 

The latter* i.s'fclit', b«t.tcr armngemciit of the, two. 

When a .^nglc cover plat(‘ is u.sed, the thicknc,s.s of the plate is made about Ijj tiriu's the thickness 
of oiic of tlii^ plates. WIkui two plates are employed the vhickness of each may be ^ the plate 
thickne.ss. . ^ 

Esrample. In a butt rivc'ted joint (Fig. 55) the plates arc g" thick and the rivets f" diameter. 
Draw a .sectional ehivatioii iind ])lan of the joint, (a) using a .single cover plate, (6) using a double 
cov»ir i)late. Scale full size!. 


Combined lap and butt joint. A joint, sometimes used in locomotive boilers is shown in Fig. 56. It 
is known as a eoinhined lap and butt joint. In this casf.'. there are three rows ot rivets, tin; pitch of the 
rivets in the outer rows beijig t\vie<> that in the, middle row. The pee.uliar form of the cover plate 
makes the joint a .somewhat exjx-n.sive ones to .produce. 


Emviplc. Draw ,vo viiwvs of a ( 
rivets lii" diameter, pitch of the. outer 


loinhined lap and butt riveted joint (Fig. 56); ])lates f" thick, 
rows of rivets 4", and of the inner rows 2". Scale full size. 


Resistance of a riveted joint to fracture. In considering the strength of a single riveted lap joint, 
such as the joint in a boiler .shell .subjected to ten.sile force, it is only necc8.saiy to con.sider a strip of 

plate of widtii ecjual to the pitch. The con.sideration of the whole length of the joint w'ould simply mean 

that of th(^ aggi-egat<' ol’ all such strips. Such a strij) might fracture in any of the four ways indicated 

at (i), (ii), (iii), and (iv) (Fig. 57). 

Ix?t p denote tlui pitc.h, t the, thickness of the ]ilates, and d the diameter of the rivets. 

(i) The joint might fincture by the tearing !ie,ros.s. of the plates at the weakest part, as at e, m, 
(Fig. 57). ^ " . 

Area of .section at em = (p —d)t. 

If f* denotes the tensile strength of the plates, 

resistance of atrip = (p—d)tft....(1) 




Fiu. 5(i.—Combined Lap and Butl Joint. 
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T>....>. ^ S;5; r »w;:: 

M.a.. .t fr.ct..™ of . "“•‘•'I '•>> 

... ..(“> 

!?Kf':i,rin“'''—w« 

(p-djtf.-j''’''. 




Crushing 


Rrntii Ti'l wliou t is known and tLorciorc d, the 
value ..f P !«■ •Jl 

A»™,uh,rii'« 

(p-d)t-jd>. 


**'*'^* • 1 1 4 . ■ rr. a" fVlick Find the diameter and the 

Erarnrle. Tn a single riveted lap jon.t the plates are tbek. 

pitch of the rivets. Assvxming f, ft. ^ ^ ^ ^ 1 . 27 |. 

loa d = log I -2 + i-(!og 3 - log 8) = log i -8662; 
d = 0-7348". 

The rough rule d-2t would gi^e d-0-75'^ . 

lD-dlftt = Td“f.; 
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The rough rule p = d + lj'' would give 

P = HU = 1-87. 

Two other modes of fraelure lire shown at (iii) and (iv) (Kig. 57). The third form of fracture is due 
to the breaking of tlie jilatc in front of the rivet, and may be jjrovided for liy allowing an increase in the 
maigiu of the jilatc. 

The fracture shown at (iv) i.s due to the cru.shing of the jdatc and thi', rivet. In practice, the two 
first-named methods of fracl.nre are of the utmost importance in the dc.sign of a riveted joint. 

Efficiency of joint. The ratio of the strengt.h of the. joint to the strength of the solid ])latc is called 

the efficiency of the joint. (p —d)tft ir d'-f, 

... , or ^ 

where E denotes the efliciency. 


K-riiiii'jilc. (liven p=lj", d = .j", iind E. 

e = p.^ = 1«^-4 = o-(; or 00%. 

P ^ H 

In tlic ease of a double riveted la]> joint the .shearing resistance is doubled, and we obtain 


(p-d)tft = 2x-d-=f.. 

Example. Tn a double riveted lap joint the plates are g" thick. Find the diameter and pitch 
of the rivets. Assume f, = ft. 

d- 1-2/;^ = 07348", 

{p-d)tft = ^d-f,; 

ird“ 


.•. p-d* 


or 


2t’ 

IT X d* 

P = -2r+‘^ 


The rough rule p = d -f 2J" gives p = 3". 


= 072ir-(- l-2yjj = 2'996". 
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Design for a joint. A coinmon practical inetliod of designinp: a joint for a boiler is as follows: 

Let P denote tbc |)re.s,surc of ibe steam in lbs. per S(]. in.: D tbe diameter of the boiler, and t the thickness 
of the shell plates in inches. Assuming a working strciss of about tons ])e.r sip in. ((hmoted by ft), the thic-k- 

ness of the plate t may be calcidatiul from t = where E denotes the cllreieiKy of the joint, E is 


usually taken to be from GO to 80 ja-r cent. 

Having obtained the tliic.knc.ss of the plate, the diameter of tbe rivet is obtaincil from d = l■^^^/t, where 

d denotes the diameter of the, rivi^t. d’he pitch p is obf ained from E =-. 'I’he number of rows of rivets 

P 


is obtained from ft(p —d)tt = n x-d“f,, usually = 

It is not ne(ie.s.s.‘iry to con.sider th(' crushing of the rivet, provided that f,he pitrdi is not less than three 
times the diameter of t.lie rivet, br single row rivets, nor loss than five times the diameter of the rivet for 
double rows, or seven times tlie diameter of the rivet for triple rows, since may he taken .safely to be 2ft. 


Riveting in bridge and girder work. In Inidge, and girder work, instiad of (.unjiloying the usual 
emjjirical rule d = 1 •2v/t, the di.mieter of the rivet is fixed by considerations of the sliearing .strength 
reipiired. The thickimss of jdat.e is made so that the, bearing stress on the metal at the hole does not exceed 
from 8 to 10 tons i)er sij. in. 

Eor bridge work, f he diameter of the rivet is .seldom madi' less than I" for the main structure, such as 
main angles, flangi's, attachment of diagonal bracings to booms, eti;. 

In the ca.se of work whi<b does no! carry tbe rolling load, suiih as floor plates, etc., the diameter may 
be I" or f" 

The diameter d is not c-hangisl by amounts less than -J". Common values of d are f", -J-", l", and 
oc,casionally Ij" and 1^". The ri\et boles o.,. drilled usually about larger than the rivet to allow for 
the fi-ee entry of the hot rivet, and also for any slight 'deviatir)n of the alignment of the holes. Thus, 
assgming the riveting to be, carefully carried out, a rivet diameter would be fg" when finished. 


Flat bars, angle irons, etc. In the ease of flat bars, etc... the relation of the diameter of the rivet to 
>’ 4i]be width of the bar is given by w=-4d, where w denotes the width of the plate and d the diameter of tbe 
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In angle irons, tlic distance Sj (Fig. 58) is u(jt les.s than \\" for rivets, and the disteuce Sj is not 
less than d. 

As alrcatly indiiuitcAl, the size of the rivet is calculated from considerations of the bearing and shearing 



areas. In shear, the net area of the rivet in the plane of shear is made equal to 1-^ times the plate 4l||E^^Thus, 
for a single riveted lap ioint, we obtain ' _ 

(p-d)t = t^d*. 


lates at right angles. The joint between two plates at right angles to each other may be made by 
g one of the plates, or by using an angle iron. The two methods (Fig. 59) are commonly used^ 
ant and the back end respectively of a boiler. The jojnt obtained by bending is called a JlangedJow^ 












MACHINE CONSTRUCTION 

, • • In nnnlr 'Iron mni In the former, >ijc radius of the curve to wliich 

and that when an iui,t,de iron is used an . thc'^thickness of the plates, 

the plate is bent should n.it be less than 4 times the tliicki ess 1 

„„ ri». fnn,»™, ^ » tw the ends 

liable to eoiiiparatively gre.at alterations ni ki^^tn, uue e, 



10.... «a._KUu.,eaS...a... 

of the Hues are lixed in the ends of the boiler it is ^Jyho used for such a purpose (i'^igs. 60, 61), 

an alteration of length to ^dve plae(!. Of the to be the' best joint. Reference ^ ^ Uanainris 

the Admnson limy, or I'laiiyed .Nam, is .. lally ^ i ri,)g inserted between them. The iHangiig 

Example. Draw the Hanged seam (Fig. -60). Sade full sue. 
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Exfmijih. liivoiod joint. Anglo inms 3" x 3" x Rivets y diiimetor. 2" pite.li. I’latcs 

y thick. Draw to .scale \ si>!(^ (h’ig. 01). 

Example. 'I’ce-iron joint. T-inm 0"x3{{"x|" Plates y thick. Rivt^ts I" diameter and 

3" pitch. Draw half size (Fig. 02). 





Fio. 84. Fio. 65. 


Examples of boiler joints, (i) Diaw tlie two vi('ws of a double riveted butt joint at the junction 
of a ring an<l longitudinal joint (Fig. 03). Shell plates Butt straps W". Rivets j;g". Scale 

full size. Find the efficiency of the joint and also the .safe working pres.sure, the diameter of the 
boiler being 8' 4". f* = 5 tons per .scj. in.; 

[Ana. 71 ixjr cent., 89 lb. per sq. in.] 
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_ (ii) Draw the two views shown (Fig. 04). Shell plates I 3 V', 
Eiyets IJ;" (liameter. Scale full size. Find the. ellic.iency of 
boiler is 10' 4", what will be the safe working pressure? 1^ = 7’2 

[Ans. 77'3 per cent. 15.5 lb. ])cr S(p 


Butt straps, outside inside -J". 
the joint. If the diameter of the 
tons per sq. in, 
in.] 



OuBset stays. The flat ends of a boiler are strengthened or stayed by means of har stays (Fiir 85l 
and by gusset stays (big. 00 ). These stays connect the shell plates to the flat end. ' ® ' 

Examjyhi. Draw and complete the two views of the gusset stay (Fig. 66). Scale half size. [B.E^3 
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EXERCISES. II. 

1. SIcctc.li fl f rivet, .shciwiHfjf tlic foinii and ])r<)|(options of tlio rivet head. 

2. SIjow by .sketc'h(!s tli(i niclliod of joining the plat.es of a eylindrie.al boiler at a plaee where a 

Jongitudiiiid joint nieets a ring join!, fbvjdain why th»! lougitndina] joints are iisnaliy of a (iiffereut 

constriietion from that of the transverse or ring joints. 

;i. Show by sketches a single liveted, and a double rivet(‘<l lap joint, also a butt joint suitable 

for plates thick. Wliat in each ease, is (i) the least width of overlap, and (ii) the least distance of the 
rivet holes from each otlier and from tlu; e-dge of the plate ? 

4. Draw a section and plan of a double riveted butt joint with jdates, 1 1" riv(>ts, double cover straps 
h" thick, pitch 4". Seale hidf size. 

5. (live dimensioned sketches of a (hadde riveted lap joint suitable for }/' boiler plate.s. Mark on 
the skete.h the width of overlap and margin, a.ssuming f, = 1*. 

(i. Sketch with dimensions double riveted butt joint, with two butt stra])s suitable for the longitudinal 
joint in a steel boiler with Jj" plate.s. E.xjdain how om; of the rivets is put in place and riv<itcd. 

7. ‘Draw two vitnvs of a double riveted lap joint, first, wlum the rivets are arranged in zig-zag form 

(h’ig. 55) ; iind secondly, when they are jdaced in chain, i.e. when all the centre Hues arc parallel to each 
other. Point out the advantage due to the former arrangement, 

8. Show by a slo'teh a flanged .seam used for a furnace flue in* a Lancashire or Cornish boiler. 

9. Skete.h in section common forms of wrought iron and mild steel used in construction. Show how 
in a built-up girder the web plate is eonnecte.d to the flanges. What size rivets would be used for plates ? 

10. Show three methods of connecting together jjaridlel plates suph as are used in locomotive fire boxes. 

]]. (live a .section through a T-iron joint showing the construction. 

12. Show by skt'teluis how two plaUis its right angles to caidt other may be connected by means 
of angle irons and rivets. 

I.*]. Show by .sketches the methods of strengthening a boiler by means of (a) a longitudinal bar stay 
joining opposite fiat ends, (/>) a giasset stay. [B.E.] 
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14. Ill ii single riveted lap joint ilie jilatcs are thick, rivets J" diameter, pitch 2\''. Assuming 

the tensile resistance of the plate.s to he equal to the shearing resistance of the rivets, find whether the 

joint will fracture hy tearing or hy shearing. 

15. Show the dilferent ways in wliich a riveted joint may fracture. In a single riveted joint the 

plates arc thick and the rivets I" diame.ti'r, calculate the pitch for the greatest strength of joint. 

The shearing resistance of the rivet is ;[ the tensile nisistance- of the plate per sijuarc inch of section. [B.E.] 

16. In a single riveted lap joint the plates are thick, rivets l" diameter, and pitch Find 

whether the joint will yield by shearing or by tearing, the jilatcs being 10 per cent, stronger in tension 
than the rivets in shear, per sijiiare ineh of section. 

17. Sketch a single riveted la]) joint for jilates, using rivets. Show how such a joint may 
fracture. 

Calculati' the jhtch, (i) assuming tlie tearing resistance of tlie plates and the shearing resistance of the 
rivets L<i be e([ual. 

(ii) When the safe shearing strength is 7800 lbs. jkm' s<]. in., and the safe tensile .strength is 10,000 lbs. 
per sq. in. 

18. A treble-riveted lap joint has twice iis many rivets in the middle row as in the outer rows. 
Plates thick, llivets 1" diameter. PitcJi of outer rows 4-^'. 

Draw cross section and plan. tSeale 1. 

19. In a single riveted lap joint the plates aie thick, rivets 1" diameter and pitch 2f". Find 
the efficiency of the joint. 

20. In a double riveted lap joint for plates, the rivets are I" diameter, the longitudinal pitch is 2|", 
the diagonal pitch is 2],", and the overlap is 4^". Sketch this joint to scale, full size, on squar«j| Wier, 
showing two views, one being in .section. 

21. In a single riveteil lap joint the plates arc thick, rivets diameter. Assuming the tearing 

resistance of the jilates to be 30 tons per si], in. and the ultimate shearing strength of the rivets 24 tons per 
sq. in., find the pitch. Make a dimensioned sketch of the joint. 



CHAPTER I FT. 

SCltKWS, BOLTS AND NU'J'S. 

Screw threads. Tlic usiinl form of .scnsw thread in use by en<,dneer.s is known ns ilie Whitworth 

thread, (.fthe.r forms, sueli as </a.'f fhread.'i used for jnping, 

are emph^yed lor 8]K!e.ial purpos<'S. 

Vee thread. Wlisit is called the. Vee thread is shown 
in Fig. 07. It will he seen that the, sides of tlie threjid 

arc inclimal at an angle of 55'; they do not terminate in 
a sliarp talge, hut arc roumhsl off at the top and hottom to 
Section of Whitworth V-thread. distance C(jual to ,1 of the depth of the thread. 

Fto. 67. 

Pitch. The. pitch of a single threaded screw is the 
distance, hetween two eonsecutive ridges, or the amount hy which the distanee between the head of the , 
holt and its nut would increase or dimini.sh for one rotation of the 
screw'. 

For any diameter of holt in ordinary u.sc the jiitch may be 
obtained from tables, sucli as 'I'alde V., ji. 243. Thus, on a holt of 
1 inch diameter there are 8 threads in an ineli of its Jengtli, and' 
lienee the pitch is 1". Tt is convenient to i-xpr'“s8 all the proportions 

of a screw thread in terms of the pitch. Section of square thread 

Square thread. Another common form of screw thread is the Fia. 68. * 

sqriare thread, a section of which is .shown in Fig. G8. The pitch 

of a square thread is usually twice that of the eorresjxindilig triangular thre.ad. Thus, as already indicated, 





CHAP. III.] 


SCREWS, BOLTS AND NUTS 


47- 


ail inch bolt with a Whitworth triaiiffular thread would have 8 threads per inch length, but a square threaded 
bolt of the same dianu!t(!r would have 4 threads per inch. 

Comparing the two fornus of thread, it will be seen that more material is cut away in forming 
a square thread than in making a triangular threatl of the same dianuder. The triangular is therefore 
stronger than tlie .s(jua,re thread The triangular thread is used for lioldiiig down bolts and for other 
purposes where .streiigtli is required. In this 
form of thread the direction of the force between 
the bolt and nut is inclined to the axis of tin* 
screw, this not only increases tin; fihtion between 
the bolt and nut, but also gives a t(‘ndene.y to 
bur.st tlni nut. 

In the square thrciad, the dircc.iion of the 
mutual forc.(! between the bolt and nut is nearly 
parallel to the axis of the bolt. lienee this 
form is irsed for a variety of purposes, sneh as 
in book pres.ses, (d-e,., in which the transmission 
of motion is concerned. 

The edges of a .s(jua.r(! threaded screw are 
slightly rounded off, an e.x])C(lient which not. 
only makes it safer and ca.sier to handle, but 
also rentiers it less liable to damage. 

Fki. 09.—Projection of a Square Thread. 

Screw thread or helix. In many cases, such 

as in screws of e,ompai’atively large size, in spiral springs, etc,, it is necessary to be able to draw with some 
approach to accuracy the form of a .screw thread, d'hc method may be shown by an example as follows. 

Eocamvple. Draw a stpiare ihreaded screw, using the following dimensions ; outside diaral||i)|i^ 4"; 
inside diameter, 3"; pitch, l". . ' ” 

Commence by drawing two .semi-circles with radii of 2" and ly rcspee.tively. Project the lines 
A and B, i.t% 4" apart (Fig. GO). Divide the .semi-circle intt) any e,onvenicnt number of equal parts and 
. number these as shown. Mark oil’ a distance ac denoting half the pitch, and divide this distance 
into the same number of equal parts as the semi-circic. Draw the vertical lines O', 1', 2'... 6'; then 
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points on the recjuinMl curve are obtained l)y projections from the points 0, 1, 2... 6 to meet 
corre.sponding lines O', 1' 2'... O'. The points obtiincd in this manner may be marked on a piece of 

celluloid, thin wood, or card¬ 
board, and an even curve 
drawn thrcuigh the j)oint.s. 
Any irr(!gularities in such a 
curve, may be. detected an<l 
rectified by plaeing the sur- 
liuKi oil wliic.li the curve is 
drawn on a level with the 
eye and looking along the 
curve. 

The curv(! should be cut 
out c,arefully and the edge 
made smooth by using a 
])iec,e of line .sand jiaper or a 
smooth file. Wlnut finished 
it may be used as a tem- 
]ilat! to insert all the re¬ 
maining portions of tin; curve. 
In a .similar manner, the curve showing the inner edge of the screw thread may be drawn. 

A section of a nut suitable, for the screw just drawn is shown in Fig. 70. The curves indicating* 
the screw thread are obtained in the .same manner as before. 

Conventional methods of representing screw threads. Tn the majority of cases in which bolts occur 
in machine drawings, the bolts are not only of small .size, but, in addition, the .scale is less than full size 
and therefore the attempt to draw the tin shayv'. of a’scriw threafl would .serve no useful puritose. Tn 
such cases the .screws are usually drawn in a, conventional manner. Some of the methods usually adopted 
are inrlii^ated in Fig. 71. Thus, at (I), a, triangular screw is repre.sented by a series of small triangles, 
using for the purpo.se the (»0 sot .s(juarc. 

As one turn of the screw corn^sjiomls to a flistaucc equal to the pitch, it is only necessary to draw a 
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vertical line, and to mark off a distance on one .side of it equal to 
half the piteh. When this is done the two series of triangles on the 
upper and lower edges respofitivcly can bo drawn, and the dcliiKiation 
of the screw tliread is (ioniploted by joining t he angidar points of the 
triangles by straight lines. 



rts of a bolt are iudie.ated 

V. when t he diaraeler d of the 
in all nmehinea, and maej**' 


^ In a similar manner, we may obtain the square thread shown 
at (11) (Fig. 71). This thread consists of a series of small s<|uares 
joined by straight lines. Another method fi-equently adopted, for 
-all e.xeopt comparatively large screws, is indic.fited at (HI). It will 
be seen that the screw thread is indicated by straight line.s drawn 
at a suitable inclination—the .shorter lines denoting roughly the 
bottom of the thread may be made slightly thicker than the longer 
lines. 

Two other methods arc ''idicated at (IV) and (V) (Fig. 71). 
In (V) the thread is denoted by dotted lines and in (^IV) by two 
thick lines, 

Projectioii of a nut. If a careful exaininatii-n of a hexagonal nut 




Projections of a Hexagonal Nut 

Fro. 7a 

C.M.C. O 


is made before proceeding to draw it, no difficulty 
will be experienced ih realising that the elevation 
of a nut may be .slgwu as at A (Fig. 72) or as at 
B. The elevation at A shows the distance between 
two flat sides of tte nut and at B the distance 
from corner to corn^’. 

To draw the jiojections of a nut fco^bolt 
1 inch diameter, prAeed as follows: Commence by 
drawing a circle I'l diameter, and with the same 
centre draw anotheJ circle the diameter of which 
is the width of lie nut across its flat sides 
= + Usingwthe .30* set square and the 

T-square, draw the Jides of the nut just touching 





points on the required eu 
corresponding lines O', l' ^ 


...ACHINE CONSTRUCTION [<^hap. 

a .similar manner, using the 00“ set square, draw the projection of the 



Section of Knuckle 
Flo. 78. 

iK shown in Fig. 74. It w; 
of the depth is taken oil at t 

Buttress thread. As nlre 
renders the screw thread nuie 


>s t)f the nut may he indicated hy drawing an arc of a circle with centre O, 
and radius ecjual to tin; diameter l". 'J he chamlei'ing is 


iqual 

comuleted bv drawdug two smaller curves, as shown at B 
in Fig. 72. 

Knuckle thread. When a screw'^ thread is liable to be 
subjected to rough usage, tluj ])rofile of the thread may 
be that sliown in Fig. 70, wliich consists of ares of circles, 
and is known as a hiuclie thread. 

A section of the. Sellcr'a .screw thread 


Seller’s thread. 

illl he noticed th.at the angle ol the thread is 00“ and that one-eighth part 
he to|) and at the bol.tom. 

idy indicated, the amount of material removed in forming a square thread 
h weaker than the corresponding triangular thread, in which a comparatively 

pitch -Ji 




Section of Seller! 


thread. 


Fig. 


Section of Buttress Thread 
* Fio. 76, 


4 successful attenqit to e.omhinc the advantages of the square with the strength 
small amount is removed. what is called a hiiltrc.s.s thread, shown in Fig. 75. ft will be seen 

of the V-thread has been other incliniid at an angle of 45 . One eighth of the depth of the thread 
that tine siile is vertica aw hotlom. 
is cut oil- at the top and at 
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ProportiooB of bolts and nuts. TIic names given to the various part.s of a bolt are indicated 
in Fig. 7G. 

The sizes of the head and of tlio nut of a bolt may be obtained from I'able V. when tlie diam(‘,ter d of the 
bolt is known. Bolts and nuts are, however, t)f such frequent oecurreuee in all machiuea and machine 



Fia. 70. -Holt .111(1 Ktit. 


details that it is desirable, when tlie diameter of a liolt is known, to be able, without referen(!e to tables, 
to draw it. The following projwrtions of bolt heads and nuts—which ]-e.pre,sent fairly average practice—should 
be committed to memory. Thicknc.s,s of bolt head =|d. 

„ nut „ = d. 

Width*, W, across flat sides =l|d + i". 

Distance, from corner td corner = 1 fd + 

When the head of the bolt is made square, as in Fig. 76, the side of the .square is Igd + J", and 
when the head is circular this ]iroportion also gives the diameter of the circle. 

The drawings in which bolts and nuts occur are frecpicntly made to a small scale, and to a%'oid calculation 
Ijd is used to replace 1^ + ^'. When this replacement is made it is only necessary to mark off on eac^^ 
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side of the coutvo lino a distance also the distfinec from comer to corner is made ‘2d; these proportions 
are obtaitied easily from the drawing. 

The conventional me.tlHxls of drawing a bolt and nut an; shown at I and II (Fig. 76). 


Example. Draw the. elevation, end view, an<l plan, of a bolt and nut .Bolt l" diameter 
and 4" long. Write on the drawing the usual dimensions adopted for the various parts. 

Fracture of bolts. A holt may fl'acturc 

(1) by tearing; 

(‘2) by the stripping of tlie. thread; 

(3) by the bolt head giving way. 

Of these, the first is the most important, and in this case the diamciter of a bolt may bo obtained from 
the relation (area of bolt) x (safe stress) — load ; or, 

\ df xf=P, 

where d, is the diameier ol' the bolt at the bottom of tln^ threa,d, and the relation between d, and the 
diameter d is given in 'I'able V., or by d, = 0'84d approximately, f may be taken to be 3000 lbs. per sq. in. 
to allow for stre.s,ses due to s<u'ewing tightly. 


Example. A cylinder of 12" diameter is to be dcsigiu'd. Pressure of steam 100 lbs. Find the 
.size and the number of bolts in the cylinder cover. 

Area of c.ylinder= 12^ x 07854 = 113 sq. in., 

P = 113 X 100= 11300 Iks., 

.-. boll* areft = ^'i‘JJ-’ = 3-'767. 

If bolts are used, then bolts. 


3767 
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To ensure tight joints, the pitch of the bolts is usually about 5d, where d is the diameter of the bolt. 
With the sjjanners in general use, no bolts less than diainctcr are used for joints. 

Gas threads. Wrought iron i)ipes of comparatively small size used for the conveyance of i 

gas lud water may be fastened together by wh.at arc <-allcd nipples or couplings (Kig. 159). 

To form such a connection, the pij)cs have; a se.rew thread (;ut cither on the outside or on the 
inside of the pipe. The depth of the Whitworth thread renders it unsuitable for such a 
purpose, and the thread used, c.tdled a r/<ts thread, is finer in pitch and of smaller depth than | 

the Whitworth thread. Thus, the screwed jjortion of fi pi])e f" inUsrnal diameter and l" • 

external ibamctcr would have 14 tlucads per inch of length, or a pitch of instead of 8 J \ 
thrcjids per inch of length and a pitch of - I i - 

Prevention of rotation of bolt. I’o prevent the rotation of the bolt <luring the turning V ! J 
of the nut, a small portion of the bolt elo.se to the bolt head is usually left square and 
fits soi.icwhat loo.sely into a square hole in one of the pieces to be joined. Another / 
method is to provide a small pin or snuy immediately under the head of the bolt, and this pin / \ 

fits a corresponding hole, made, to receive it. Such an arrangement i.s shown in Fig. 77. ) 

Forms of bolts and screw;>. ^\llen a bolt and nut cannot be used, other forms whic.h 

receive special names, such as ta2) bolts, set screws, studs, ^ 
cuc., are used. A set screw is a screw, or bolt, which 
pres.sos on a piece ,so as to prevent the sliding or rotation 77. 

of that piece, as in Fig.s. 90, 118, 136, etc. 

Tap bolt. In this form a screw thread is made along a certoin length, 
as in the arrangement in Fig. 78. It will be noticed that li^screw 
passes loosely through one piece A and is screwed into another B, 
in which a hole‘has -iMjen made to receive it. 

The heada^ of tap bolts, as in bolts, arc of various forms; i.e. square, 
PiQ. 78.—Tap Bolt. hexagonal, hemispherical, cylindrical, etc. 

In some cases, as in Fig. 100, a hole large enough to receive the 
cylindrical head of the screw is made in one piece, and the screw may be rotated by means of a screw¬ 
driver fitting a rectangular hole in the head of the screw. • 


Fih. 77. 
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Studs. A stud, in its .simplest form, a.s at C (Fifj;. 79), oon.sist.s of a round 
piece of metal (iron, .steel, brass, eopjjer etc.), at eac-li cud of which a screw thread 
is formed. The intermediate portif)n is used to grip the stud so that it may 
be screwed tirndy into its plae.c. I’o facilitate this the |K)rtion referred to is in 
many eases made scpian' in cross-,section, as at D (Fig. 80). Studs and screws ar<f 
screwed into metal usually for a distance 1^-d to l|d, where d is the diameter of 
the stud. 


Special bolts. Holts of siiecial shajais 
I'jH. 79.— Stud. tools and tor other 

purjto.se.s. Three, of the.se are shown at 
(a), (b), (c) in Fig. 81. The finst is called a hooh holt from 


At (b), another 
holt. 


the pee.uliar hook form given to tlie heail. 
called an ri/r-lxill, is shown, and at (c) a 
the last, the ])rojec.tions forjning the hea.d of the boll art 
present on two sides of it. 


fiorm 

In 

oidy 


Rag bolt. When a matdiine is to be .secured to stonevvoik, 
its own wanght is not always sntticient to keep it. rigidly in 
position, and .some means of fa.st.ening it to the stone must Ix' 
providcsl. 'I'wo forms of bolt frcijuently u.s(‘d for this purpo.se 
are knowm as and Lewis bolts. In the former, the lower 

part of the bolt is ma.de with the tapering sides, and the.se 
are usually indented as indicated in Fig. 82. When placed in 
])osition, in a corresponding taper hole, the space between the 
sides of the bolt and the stone in wdiich it is fit,ted “ is tilled 
with molten lead. The ohjections tri thi, for’o of bolt are the 
us(‘ of the molten lead for fi.xing and the difficulty of removing 
the bolt if ref|uired to do .so. 

Lewis bolt. Tn the Lewds bolt one side of the head of the 



Fiu. 90.—stud. 
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bolt \h made of a taper form and the otlier straight, as shown in Fig. 83.^ The hole, in the stone is made 
to receive tlni head, which is secured by a cotter as shown. 



Fm. 8.“). . ■' 84.—Cotter Holt. 

Ootter bolt. In a so-called cotter holt, a rectangular hole is made in the bolt to receive the cotter. 
One form of such a bolt is shown in Fig. 84, and consists of a comparatively long bolt pa.s8ing through 
Iwrickwork or masonry. At .some convenient place, a hole is made in the brickwork, or masonry, large 
enough to ellow a cast-iron washer to be threaded on to the bolt. The washer provides a bearing surface 

i&'v: ' , 
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for the cotter. Rotation ot the ho,It during tlie process of turning tlic nut may be prevented by means 
of a groove on the washer into which the cotter fits. The bolt can rotate only by rotating the washer. 
As the washcj' is ot eonipal-atively large, size and rests against a rough surface,, the device eflFectually 
prevents the rotation during the process of serew'ing or unscrewing the nut. 

Stay bolt. What aic known as har stayn or stay holts are used to strengthen the flat ends of a 



Fi(J. 8.'),—-Stay Bolt. Fiu. 86.—ConcleiiHoi* Tubo. 


cylindrical boiler. These consist of long bolts passing from one flat end to the other. Such bolts Blla||Bently 
have tlic ends enlarged (Fig. 85), the diameter of'the bolt being equal to the diameter at the bottom cf the 
thread. A raised screw thread of this kind is known as a plus thread. 

Gondenser tubes. The tubes are f" or f" external diameter and about thick, and to render them 
watertight jn the tube plates, a small screwed ferrule or gland G (Fig. 86) is-used. This ferrule is made 
to compress packing placed around the end of the tube. 
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Screwed stays. I’lio Hut sides iind l»U(;k of eonibustif)ii chambers are stayed l)y short sere.ws to 
diameter. Tliese screws are screwed tlirough the plates, aud an! either rivet,ed or uuts are used, as iu Fig. 87. 



Fio. 87.—SBrewwl Slu,v. Kio. 88.—Stay Tubes. 


Stay tubes. These stay tuVjes were; formerly made of brass, but are now made of mild steel. The plain 
tube I (Fig. 88) is 2^" external diameter. It is made to fit A’ell in the hole of the tube plate, and is rolled or 
expanded by a tube expander to prevent leakage. The tube is slightly enlarged at the smoke box end to 
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facilitate insertion or withdrawal. The skiy tube II is tliiclicned at tlic ends to allow for screwing with a 
rai.sed or plus thread. The thieads are of the .same pitch, so as to allow the tube to be screwed simul¬ 
taneously into the two plates. One end is enlarged to enable the smaller end to be passed through the 
hole in the outer t)d>c jjlatc. 


Example. Draw the two views of {a) Bar stay, Fig. 85, (h) Stay tubes, full .size. Fig. 88. 



Fio. S9. i'Ki. 90.—Luokinf; Arrangements. 


Locking arrangements. There is always a tendency for the nuts of the moving parts in a machine to 
unscrew owing to the vibration. Several methods have been devised to prevent this, ami .some of those in 
general use are indicated in Figs. 89, 90, 91. One of the most common is by means of two initsJFig. 89). 
The fir.st nut is screwed up as tight as is neces.sary, and the outer nut is brought into contac^%||^h it. 
Fhydly, whilst the upper one is held* firmly by a' spapner, the lower one is turned in a backward direction 
through a short, di.stance, so that the two nuts are firmly wedged together. 

The usual arrangement is to plaeo the thicker nut belov/ and the thinner one above. This arrangement 
allows an ordinary spanner, which is usually thicker than the thinner nut, to be used. A better plan would 
be to place the thicker nut on the outside. A plan sometimes adopted is to increase the length of the 
bolt and to use two nuts of ordinary thickness. 
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Two arrangements sometimes adopted for comparatively large nuts arc shown at (b) and (c) (Fig. 90). 
In that indicated at (c), the lower part of the nut is made cylindrical and can he locked in any position 
by means of a small set screw. 

A simphi arrangenient ct)iisists of a small split pin inserted near the, end of the bolt immediately above 
the nut, as in Fig. lOG, p. 77. The disjidvantage of such an arrangement is that the nut must remain 
always in the same position. 

A plan fro(jucntly adoiited is to phice what is called a guard plate in the space between two or more 
nuts. The ])lat(‘- is kept in position by one or more small set screws, and these, together with the plate, 
must be removed before rotiition of the nuts can take place. One arrangement of this kind adopted in 
recent practice for marine pistons is shown in Fig. 170. The thicknc.ss of the plate varies from to f", 
according to the size of the nut, and the studs range from jj" to f" diamet^sr. 

The nut at the end of a piston rod may be secunal l)y means of a plate. This plate is fastened by 
two or more studs and nuts. 'I'o tighten the nut, the plate is removed, and may be replaced when the nut 
is rotatcv! through one-twelfth <'f a re\a>lution. The arrangement is shown in Fig. 91. 

Example. Draw full size the locking arrangement at the end of a piston rod (Fig. 91). 

Spring washers. Sjdit wasl'ers of various kind are in use. Thc.se washers arc bent out of shape, and 
require comsiderablc force to straighten them. One of tluise plac,cd underneath a nut not only offers 
resistance due to compression during the tightening of the nut, but, in addition, if any tendency to unscrew 
occurs, the sharp end of the cut portion of tlu; washer enters the undersurface of the nut and effectually 
prevents rotation. 

Example. 2 ton screw jack. Draw the two views (Fig. 92). Scale full size. Also draw an 
end view, diameter of screw 11", 3 threads per inch. 

Example. Complete two Views of the studs and tap bolts shown (Figs. 78, 79, 80). In each case 
draw a plan. Scale full size. What is the advantage of having square necks on the studs in Figs. 79, 80? 

. Example. Draw the two ends of a stay bolt (Fig. 85). Scale half size. Also draw an end view 
and a plan. 

Example. Draw full .size one end of a condenser tube (Fig. 86). 



MACHINE CONSTRUCTION 


Exfvmple. 

Example. 


Dmw full size the two views of a spanner (Fig. 93). 
(iinler stay for a l)oilcr. Draw lialf size (Fig. 94). 
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Knuckld joint.^ Wliat is called a knuckle joint is shown in Fij?. 95. The proportional unit is d, the 
diameter of the pin. When this is known or assumed tlic remaining proportions can be obtained. 

Example. Draw full siz<‘. the two views of a knuckle joint (Fig. 95). Also draw a plan. 


Proportions ok Knuoki.i? Joints. 
LcL D d( .note the diameter of tins rod. 


Width of rod. 

R = li-D. 

Tliickncss of forks, 

T = ^D,T, 

Widtii between fork,s, 

W = 1JD. 

Diameter of bosses 

B = 2D. 

.. pin, 

d = D. 

„ „ pin head, 

D,= liD. 

Thickness of pin head, 

t = gD. 

Diamctei' of collar, 

C = l^D. 



Example. Calculate from the above table the dimensions of a knuckle joint for rods diam. 
Draw sectional elevation, end view, and plan. Full size. 
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Ootter jointg for tie rods. A form of joint suitable for tie rods is shown in Fig. 96. The ends of 
the tie rojls ]»ass into a sleeve and are fastened by cotters. The proportional unit adopted is usually 
d, the <liameter of the rod. s 
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Fio. 9(1.—(Jotter Joint. 
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Fjxam.'ple. A-ssumiiig tlic diaraotor of cat-li of two tic rods to be 2", odeulatc tlie various sizes 
and draw the joint. Scale full size. 

Pin joint for tension bars. A joint wliich may be used to connect together a scric.s of tension bars 
(as in the links of the chain of a suspension bridge.) is indicated in Fig. 1)7. The ends of the bars are 
enlarged as shown. The proportional unit is b, the Iweadth of each tic bar, 

F-rdiiifi/e. Assuming the breadth of the tie bars to be 8" and thickness l", calculate suitable 
dimensions and draw tin; two views of the joint (Fig. 97). Scale 

EXliKCISKS. III. 

1. Sketch a bolt with a sipmrc head, and a hexagonal nut. Supposing the bolt-to be l" in diameter, mark 

the usual dimensions of the nut and bolt head. How many threads to the inch are used on an inch bolt ? 

2.. Make a sketch of a stail. l.)cscril)c how it is .screwod into place and state any circumstances in 
which it may be used in preference to a bolt. [B.E.] 

3. Sketch the profiles of the various forms of screw threads commonly employed in machinery giving 

the proportions adopted. Poin' (hit tlie j'clative merits of the A'arious forms. 

State the advantage due to the use of a hc.xagonal nut us compared with a sipiare one. 

4. Sketch a form of bolt u.sed for securing a machine to a stone foundation, ami explain how the bolt 
is fixed in the stone. [B.E.] 

5. Show by sketches the various forms of liolts, studs, screw's and nuts which are commonly employed 
in securing together the parts of a machine. 

6. Sketch the end of a foundation bolt, showing how to fix it by a cotter and cast-iron plate below 

the masonry. , 

7: Draw full size (i) a Tee head bolt, (ii) Hook bolt, (iii) Eye bolt, (iv) Rag bolt, (v) licwis bolt, 
(vi) Cotter bolt. ' Diameter of bolt 

(live any e.xamjile in wdiicli eacli may be used. 

8. Draw, full size, abdut 4 turns of a .square thread for a screw of 1^" pitch ; outside diameter of 
thread 4", inside diameter 2^". 

C.M.O. 



66 MACHINE CONSTRUCTION Tohap. 

9. A rectangular water tank is built up of flanged cast-iron ])late8. Sketch a form of joint at one 
corner wheie three plates meet. 

10. Show, by sketches, Whitworth’s and Sellci-’s standard, forms of screw threads. Assuming a pitch 
of 1", put on your sketches the remaining dimensions. 

11. Sketch two or three luctluxls which are in use to prevent a nut working loose. 

12. Selcc.t a special cxam]jl(‘. of eacli of the following two kinds c)f fastenings. Sketch the forms of the 
fastenings and the forms of the. pieces united in the locality of the fastening, for each state the reasons 
which cause that form of fastening to l.)e preferred to tins other. 

(o.) A rivet, (b) A bolt, 

1.3. Give an example of the use of both a right and left handed screw thread on the same piece and 
describe how it is used. 

14. Show the form of the Whitworth screw thread by drawing a section on one side of a sere^jed rod 
for a length of two inches. Drav live times full size, using a jnlch of [B.E.] 

15. Describe with sketches some form of spanner which is ailjustable to fit various sizes of nuts. [B.E.] 

16. Sketch and describe how the flat end plate of a boiler is strengthened by the use of a longitudinal 
bar stay. 

17. Point out the various ways in which a screwed bolt and nut may yield to the forces to which 

they are subjected. , 

18. The cover of a hydraulic cylinder is secured by two bolts. If the water pressure is 700 lbs. ]^r 
Bcp inch, and the cylinder If in. diameter, find the diameter of the bolts. Safe stress 3000 lbs. per sq. in. 

19. Find the diameter of the screwed cud of a piston rod, diameter of the cylinder 20 in., pressure of 
steam 80 lbs. per .s(|. in. Safe strc.ss, (!00(/ Ib.c oer «q. in. 

Give dimensioned sketches of the nut. 

20. The longitudinal bar .stays of a siiort boiler are 1(> inches apart, horizontally and vertically. The 
steam pres.sure is 135 lbs. per sq. in. Find the diann-'ter, the material being mild steel. Safe stress, 
8000 lbs. per sq. in. 
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21. The chain of a snspensioti bridge is made up of links liaving a rectangular cross section 6" by 1''. 
Sketch with dimension.s a pin joint suitable for connecting the links. 

22. Give dimensioned sketches of a knuckle or fork joint suitoble for connecting two rods I" diameter. 

23. A tie rod of 1^" round iron is made in two lengths, (jonuected by a sleeve and two steel cotters, 
the rod ends at the junction being enlarged. Sketch tho joint and insert suitable dimensions. 

24. Tf d is the diameter of a bolt, p the pitch of the .screw thread, n the number of threads per inch|- 
and d the diameter at the bottom of the thread, calculaUj values of p, n, and d, when d = 1", 1^". 2|", 3", 

(i) Vec thread p = 0’08d + 0'{)45, di = 0'845d. 

(ii) Square thread p = 0‘16d + 0'9, di = d — p, n = l-rp. 

25. Find the diameter of the screwed stays, each of which supports an area of the flat surftwjc in a 
boiler equal to a square of 4" side, steam pre.ssurc 150 lbs. per sq. in., safe strength of the material 
4000 Ibt. per sq. in. 

26. A flat surface in a maiinc boiler is constructed of plates, with wrought iron stays 6" apart, 
steam pressure 120 lbs. per sq. in. Show how to fix the stays. Also determine their diameter. Safe stress 
4000 lb.'*, per sq. in. 

27. The square thread in a screw jack is ll" diameter, pitch I" (p. 61). If the safe stress is 4000 lbs. 
per sq. in., find the load that '-an be raised. 

28. A cylinder is 12 in. diameter, pre.ssure of steam 100 lbs. per sq. in. Find the diameter of the 
bolts in the cylinder cover if 12 bolts are used. Safe stress 3000 lbs. per sq. in. 
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SlIAFTINa, KEYS AND COUPLINtiS. 


Keys. What arc known as consist citlmr of werlffc-sliapcd, or parallel, pieces of wrought iron, 

or steel. They .are used to eonuect ligidly wlnads, cranks, pulleys, etc., to shafts. Several fornis of keys 
in general use are shown at (a), (b), (c), (d) and (e) iti Fig. i)8. In each case one end of the key called the 
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hend is made slightly lliicker than the opposite end, called the jwiut oj^ th^ key. When driven into 
suitable grooves in a wheel, or in a pulley, the frietjou .“tiit up foi'nis a rigid connection between the pieces 
joined, and rotetion of one ensures the lotati-'o of the other. The resistance thus offered to slipping 
depends to some e.xtent ujwu the shape of the key and the surface on which it re.sts. Thus, when the 
resistances to motion are comparatively small, as in light pulleys and wheels, what is known as a 
key (Fig. 98 (a)) may be used. The under surface of a saddle key is made hollow to ht thts shaft, and in 
this manner a wheel, or nullov. (san be fixed in iin.- doKired nnuitirwi almirr <• ut.Wf 
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'J’he resistance to slipping is inc.rc^ased wlien the under surface, of the key (b) is flat. Tlie most secure 
form of key is that at (c), (jailed a siuik key, in which one-half the key is sunk in the shaft and the 
remaining half in the wheel or pulley. 

In certain <;as(\s, as in some nuic.hine tools, a .square key, as at (e) (Fig- 98), is used. Such a key is 
parallel from end to end, and some means mu.st be adopted to jircvent the key moving in an endlong 
direction during the rotation of the .shaft. In many eases this endlong motion is prevented by a thin 
plate, or washer, fastened by a .s<'t .se.rew to the end of the .shaft. # 


Proportions of keys. Wluui the diameter of a shaft is known, it is important to be able to insert the 
dimensions of a suitable key. 'I'lie-se dimensions may be obtained by calculation; or an empirical rule, 
such as the following, may be used and should be committed to memory. 

The ])roport.i()nal unit is obtained first by adding ij" to the. diameter of the shaft. The breadth and 
depth of the key arc then exjiressc'd as frae.tionid parts of the unit,, as follows: 

Saddle and key on flat: breadth depth J. 

Slink key: breadth depth 

_ _ _ ^ I eh on t he same scale as 

that 

distance ,so obtained. 


The practical method is to increase the diameter of tlie .shaft by half an incl 
to whic.h the shaft has been drawn and then to take I-, and or -J-th of the 


Example. Find the dimensions of the key for a shaft diameter (o) 
for a ^ddle, or key on flat, (/>) for a sunk key. 

Adding V to the given diameter the unit becomes 

(a) = l" and (?>) = !" and are the breadth and depth respec¬ 
tively. 

Oib key. To dislodge a key of the form sho^n at (f) and (g) (Fig. 98) it is 
necessary to be able to drive it in a backward direction from the point end of 
the key. In some coses, u projection on the shaft may o&ur as at (Fig. 99), and 
the point of the key is inacc(*..s8iblc. In such circum-stances what is called a gih 
key may be usccl, since this form of key may be released, if necessary, by inserting a wedge in the space 
marked 6. 



Gib Kay. 
Via. 69. 
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Sliding* keys. A wliceJ, or jmlley, k .sometimes required not only to turn with the shaft, but also to 
slide in the direction of the lenjifth of the shaft. In such a case the key is made parallel and may be 
square in cross-.scction as at (d) (Fig. 98). Such a key may be fa.stencd to the shaft by means of small set 
screws, as indic.at<'d in Fig. 100. Another arrangement is shown in Fig. 101, in which the key is secured 
to the wheel, or pulley. 



Sliding K«ys. Kay fixed to Wheel. Staking on. 

Fio. 100. Fig. 101. Flo. 102. 


Staking on. In the ca.se of large w'lieels and pulleys the hole is sometimes made larger than the 
diameter of tlie shaft, and the two are fa.stened together by four taper keys (Fig. 102)—process known 
as staking on. 

Taper of a key. The taper of a key varies from to per foot of its length. Usually the former 
fraction corresponding to a taper of 1 in 96 is used. 

Cone kesm. To enable a wheel, or pulley, to pass over projections such as collars, etc., on a shaft, 
the hole is made larger than the shaft, and also what are known as cone keys are inserted ih the space 
between the shaft and the pulley. Cone keys are usually made of cast iron and are cast in the form of 
a hollow cylinder; the inner surface is bored to fit the shaft and the outside is made of a taper or conical 
form to fit the hole in the pulley, or wheel. When tips has, been done, the casting is divided into three 
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or four equal portious, as in Fig. 08a. The pulley, or wheel, is secured to the sliaft by driving these cone 
keys firmly info place. 

In another arrangement, a screw thread is formed on the outside of the cone keys and a similar 
thrc'ad on the inner surface of the wheel, or pulley. Holding the cone keys at rest, the pulley is screwed 
as tightly as is necessary to secure it firmly to the shaft. The direc-tion of rotation is such that the 
resistance of the belt on the pulley ternls still further to increase the grip. 

Shying. The material generally used for shafting is either wrought iron or mild steel. Cast iron is 
rarely, if ever, employed for such a purjKise. The cross-section is usually circular. Excejrtions are furnished 
by such special cases as the shafting used in some overhead travelling eramjs in which sipjare shafting is used. 

The strength of a circular shaft fo transmit force depends upon the cvd)e of its diameter. Thus, the 
strength of two shafts of the same malerial, and 2" and 3" diameter re.spectivcly, would be proportional to 
tins numbers 8 and 27, or as 1 to 3 4. Whilst the weights of equal lengths of the two shafts would be 
proportional to the scpiares of the diamet«'rs, or as 4 to 9, or nearly 1 to 2. Hence, in large marine shafts, 
the weight of a given length of shafting being retained, its .strength may be increased cf)nsiderably by 
making the shaft hollow. Thus, for e.xample, a hollow shaft/ in which the external diameter is 25" 
and the internal diameter 14^^, would weigh about tbe .same as a solid shaft 20f^^ diameter, but would have 
about double the .stnmgth. 

The torsional strength of a circular solid shaft is given by 

.w 

where T is the twisting moment in lbs. inches, d is the diameter of the. .shaft in inches, and f is a 
constant depending u|x)n tins material of the shaft. Thus, f for wrought iron is usually taken to be about 
9000 lbs. per sq. in. and f for steel about 13,500 lbs. rxir sq. m. 

In the case of a hollow steel shaft, of external diameter D, and of internal diameter d, the formula 
becomes * _ ^ /b<-dS 

d'/. 

where f has the same value as before. 

When the numerical value of T is known, the diameter of a shaft may be obtained firom (i) or (ii). 

The twisting moment that can be transmitted safely by a shaft of diameter d, or diameters D and d, 
can be obtained easily by calculation from (i) or (ii). * 
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If I ia tlie and b tlie width of a key, then if I is known, b can l)c found from 

2 LG 

lA)r conveniences in handlinj:; and in manufacture, .sliafta ns(‘d in factories, and for similar purposes, are 
made in convenient lcnj(ths of from 20 to 30 feet. These, sejearate lcn<^tlis arts connected by means of 
suitable con])liujfs. '.rbese coujelings, may, as in marine aliafts, be. made in one piece with the sliaft, or are 
made separately and aftcrwai'ds fastcmul to the shafts hy means of k<‘ys. 

Shaft couplings. Tlu) couplines used in eonnectiiif^ togother lengths of shafting may be divided roughly 
into two classes, viz. : and /oosr; or dLsno/to/iiif/ cou]>lings. Of the I'ast coujdings, the. slmfts, excejit in 

cases of renewal or j'epair, rarely I'ccpiire to be disconnected. The couplings in g('neral use ai-e known as 
hox or invjy, lialf-lnp, and jUvajr couplings. 

Loose or disengaging couplings are. of many different forms. Thus, oiu' cou])ling may 1x5 provided with 
projections titting into corresponding j-c'ccsscs of the otlu'r (lug. 107, p. 7 k). Such cou])lings arc. very suitably 
for slowly moving shafts; but ibr shafts moving more (puckly some form of friction coujiling is used. In one 
form, the. wedging action between two c.onical surfaces, which may be forced together or released, is employed. 
In another form a split ring is placed inside; another ring, tin; t.wo open ends of the ring are foi-<;ed ajjart 
or released by means of a wcslg<; actuated by a s(;i'ow. AVhen tin; wedg<; is forced into place, the two parts 
of the coupling, due to the oxpaiisioji of the ring, are held together firmly M'ithoiit slipping, and rotation of 
one .shaft ensures the rotation of tin; other. AVhen the wedge is withdraw'u, the split ring, which is fa,stened 
to one shaft, rotates frt;ely without giving motion to the other. 

Box or muff coupling. A hox or mvff c(mj)Vmg is .shown in Fig. 103. It consists of a cast-iron box 
B, In the centre of which the two shaf. s S and nleet. I'he coupling is fi.xcd usually by pa.s.sing the 
box over the cud of one shaft as ami })iacing the other shaft in position. Then, drawing back the 
coupling until the centre of the. coupling coincides with the ends of the two shafts, a sunk key is used 
generally to fasten each end of the shaft to the coupling. 

It will be seen from Fig. 103 that the point cud of one key is not in contact with the head of the 
other, but the two are separated by a short ipterval'. This device enables the first key to be released and 
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used as a drivor to rL'lcasc tlie Kccotid key. In this manner the loosening anti removal of the koy.s are 
facilitated. 

In some east's only one kt'y is used, and this is the full length of the coupling. This arrangement 
requires that tlie, key wtiys in tlie ends of tlie two slnifls shall bo c.vactly the same depth, and is therefore 
not so good an arraugcmeiit as the preceding one. 



Fio. 103.—Box or Muff (^>npli>i^. 


The following projtortions may bt? used to detprmino the diinonsions of fi box coupling: 

Length of coupling = 3d 

Diameter „ = 2^d 

Diameter of enlarged portion of shaft = 1J d, 

where d denotes the diameter of the shaft. 
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The followiiig t.ible gives some dimensions of couplings suitable for shafts up to 5" diameter; 
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l!OX OR MtTKI'' rOIU'TJNOS. 


niaiiictcr of slinft, 

o 

-M 

;) 

•F' 

1 

41 


., „ coiijtlinj;, - 

41 

r>^‘ 

8 

(ij 


i) 

I'd 

il] 

. “ 

— 



--- 


— 

- 

of roiipltn^, 

_ 

6 


■) 

10'. 

U' 

l.-ij 

l.'i 


K.rampU\ Dnnv half si/.e llie (wo views of a box coiiplin 


coii/ilti/i/, introduced by Sir 
and are usually fastmual by 


Half-lap coupling. In the half-laj 
shafts are nuule to overlap each Otlie 
tfipcr of the half lap prevents tlie separation of the 
length of a shaft. 'I’hc taper is ahoiit 1" ])er foot or 
make and are therefons not often used. 

The dimon,sions of a half-lap coupling for a <dvc 
following jjroportions: 


two .sliafts 
] in 12. 


(Kig. lO.'i). Also draw a jjlan. 

William Fairbairn, the two ends of 
a kev as in Fitr. 104. In this way 


the 

. c. - -.V 

(lu(‘ to any pull in the direction of the 
t ouplings of this kind are expensive to 


given diameter d of shaft may be obtoined from the 

Length of coupling =2d. Diameter of coupling =2|d. Diameter of enlarged part of shaft -1 Jd. 
Oltoam-S Coupling Fig. 104a, may be used when the axes of the shafW are parallel, but not in thd same 
Draw LSX " SaSS, 

PJmmpb. Draw half size the two views of a half-lap coupling (Fig. 104). Also draw a plan 
couplings. A flange cf.upling, or a faoe plate coupHmf, i.s usually made of cast iron ^ Th- 
halves of the coupling are turned in the lathe, the holes bored' to fit the shafts, and the lev.!;, S 
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The parte are then keyed to the shafts, the head of the key in each case being at the end of the shaft. 
When this lias been done, each .shaft is again put into the lathe centres and the two faces of the coupling, 
which fit together, are made perpendic.ular to the axis of the .shaft.- The rotation of the bolts during the 
proee.ss of turning the nuts is prevented by making the bolts fit the holes in the flanges somewhat tightly; 
or, a small pin or snug may be inserted clo.se to the head of the bolt for the sjime purpo.se. 



Fill. 104.-Half-Up Coupling. I04a.—O ldham’s Coupling. 


One coupling is made to enter a short distance, or into the other. This plan ensures that the 
couplings are in line with each other. When nece.s.sary the flanges of the couplings arc made of gufiScient 
thickness to allow recesses to be formed for the bolt heads and the nute as in Fig. 108. 

The dimensions of a Jfange coiqiliiuj for shafts of diameter d may bo found from the following: 

Diameter of boss = 2d, thickue.ss of flange = |^d 
Length»of flange and bo8s=lfd. 

ExamjHe. Draw half size the two views of a flange coupling (Fig. 105). Also draw a plan. 

Coupling for marine sliafla. In the shafts for marine engines, the flanges arc usually forged in one piece 
with the shaft and are secured by bolts. For this purpose taper Iwlte—^which are made to fit the 
holes—are employed. The number of bolts used is generajly 6, 8, 9, or 12. Tlie various lengths of 
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shafting are filleted into one another to keep them in line, or the flanges are each reee.ssed to an equal depth 
to receive a .steel disc. The holts are made with heads, as shown in Fig. lOfi, and often without heads. 
The following table gives particulars of some couplings taken from actual practice (the dimensions are in inches): 

MAIilNE FI,ANGE COUrLlNGS. 


Diameter of shaft 



10.1 

‘J2.1 

2:5 

Di.amctor of Haiitjo 

Vll 

U) 



38 

'riiickiK'ss of flaiij'i! 

n 

0 

H 

G 

T) 

Diaincte of liolt circlo- 


lU 


2S-1 

■H 

Nunil)cr of l>olts - 

G 

(! 

,S 

9 

8 

Dianioter of bolli 

u 



41 

4i 


Example. Draw two views, half .sectional elevation and end view of the coupling (Fig. 106). 
Scale half sizQ. Akso draw a plan. 

Exam 2 )le. Draw two views of a coupling for .a marine shaft 161" diameter, from the data in the 
preceding table. 

Claw, or diaenffagisg coupling. In the forms of couplings, shown in Fig. 107, one half the coupling is fastened 
to one shaft Si by means of a nutik Jcei/ : the other part D i.s connected to the shaft S 2 by means of a sliding hey. 
By means of a suitable lever, centred outside the axis of the shaft and having one end in the recess A, 
the coupling D can be brought into contact with, oi' moved away from, the part B. As the shaft S» is 
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the driver it follows that when tlic two couplings are in gear, the shaft to whicli B is fastened will rotate, 
but when D is drawn out of gear with B, then B will remain at rest. 

Example. Draw the disengaging coupling (Fig. 107). Scale half size. 



Fio. 1(17.—I >iRongaging CoujiUng. 


Friction cone coupling. This coupling (Fig 108) closely resembles externally a flange coupling. The cone 
keys are bored to fit the shall, and the outside turned taper to tit corresponding holes in the two couplings. When 
the halves of the coupling are drawn together by means of the bolts, the sloping surfaces of the cone keys will force 
these very tightly against the shaft, and in this manner rotation of one ensures the rotation of the other. 

Hooke’s Joint or Universal Coupling is used to connect two shafts the axes of which intersect; it has the advan¬ 
tage that the angle between the shafts may alter while they are in motion (Fig. 108 a). 

Example. Draw half size the sectional elevation and end view df the coupling in Fig. 108. 

Flexible coupling. In the preceding types of coupling the object throughout has been to obt^ 
rigidity; the turning of one shaft must give the same definite motion to the other; in other words, 
no yielding or slipping of the couplings is supposed to occur. There are many, other cases to consider in 
machinery, e.spccially where sudden shocks, or where twisting forces; are suddenly applied (which tend to 
fracture a shaft). In such cases the shaft must be suffic^ntly rigid to transmit the force required, and 









79 


KEYS AND COUPLINGS 

must also be flexible enough to yield to any sadden shock without fracture. Such a coupling is known 
as a flexible coupling, and may consist of two parts resembling a flange coupling, one half rigidly fastened 
to one shaft and the other half to the otluir sliaft. But the two halves, instead of being fixed together by 


I 

I 



Fio. IDS.—Friotion Clone Coupling. Pia- 108a. —Univers*! Coupling. 


a rigid bolt connection, are connected by steel springs, as in Perry’s Transmission Dynamometer, or by a 
iiisc or ring of leather, as in Fig. 109, where, as shown by a zig-zag section, a ring of leather L is fastened by 
means of 6 screws to the coupling A and also to the coupling B. In such an arrangement any sudden twisting 
inaction is allowed for by the flexibility of the steel spring, or the leather. 
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ExamiJ'ht. Draw half size the two views of the flexible <!Oupling (Fig. 100). 



Fio. 109.—-Mcxil)lo Coupling, 
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EXERCISES. IV. 

1. Show by skctchc.? .some of the variou-s methods of fitting a key to prevent relative rotation of a 
shaft and a piece which is mounted on it. (..)uotc an example of th(! use of each method of fitting, 
mentioning the diflercncc in tlie circumstance.s^of each. 
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2. Describe a coupliiif;; for shafting on wliieh tlierc are no projecting bolt heads, nuts, or key heads. [B.E.] 

3. Of what material is shafting usually naule. Show by means of a sketch the usual form of shaft 

neck or journal. ' Mxplain tlui u.se of loo.se collars. 

4. In .some forms of llange couplings the bolt heads and nuts are placed in circular rece.sse.s to avoid 
projection.s. Sketch .sctme form of box-key or spanner which may be u.scd for tightening the bolts. 

5. Sketch two or three forms of coupling suitabh) for mill shafting. 

R. What is th<‘, object of using cone keys for fastening pulleys to .shafts? 

7. 'J’wo shafts of 2" diameter are connecttsl by a mull' or box coupling. Draw .section, end view 
and plan. (Scale half size.) 

8. Show by .sketches how a vvh(*el is fixasl on a .sh.aft by means of a sunk key ; also some method 

by which the, key may be withdrawn when it cannot b(‘. driven from the point end. 

9. Cive sketches showing how the separate lengths of a liiu', of .shafting may be connected together. [B.E.] 

10. Show by sketches a claw or di.sengaging c<aipling (or friction clutch). Explain how the coupling 
ia put in and out of gear whilst the shaft- is running. 

11. Desci'ibe with .sketches (o) how j'ou would pi-occed to cut a paralhd and also a taper key-way 
in a pulley or wheel ; (h) how you would jrroceed to lit such a key; (c) state any metlnxl of. fitting 
a feather or sliding key so as to j)ermit a pulley or wheel to be moved endways along the shaft. 

12. Sketch and explain the modes of fixing a wheel or jjulley by means of a saddle key, by cone 
key.s, and by .staking on. In each (!a.se give suitable dimensions for a shaft dianuiter. 

13. Sketch a butt or muff c-oujding and a half lap and a flange coujding, suitable for a .shaft 3" diam. 

State any circ,um.stanc,(!.s when one may be used in preference to the others. Insert on the sketch 
suitable dimensions. ^ 

14. With the aid of sketches de.scribo how the following four kinds of fastening arc used in connecting 
together parts of machines—quote one exanqjlc of eac.h fastening, in whi(;h it is j)referable to use that 
kind of fastening rather than one of the others: (a) a bolt and nut, {!>) a rivet, (c) a cotter, {d) a key. [B.E.] 



CIIAPTEK V. 


r.ELT AND l;01’ic rULLEYR. 


Belt pulleys. If A and B represent two sliaft.s on eaeli of wliicli a ])nllcy is fa.stcned, then hy means of 

a Ix’.lt the rotation of one, shaft will eaiisc; tlic I'otation of tin. other. If A is tin? driver and B the pulley 

dri\('n hy it (usually called the follower), then wlnui an open belt is used, B will rotate in the same 
direetion as A, and in tin' opposite direction when the belt is crossed (hhe. 110). 'I’hc, spe(!(l of B compared 
with that of A will depend ui)on the size's of tin'. ])nlleys on A and B. 

|j(d. N denote' thee jiiimbe'r eef re'volutiuns maele by A in a ifive'ti time, and n the number made by B in 
the .s;ime lime'; edsee Je't, D denote the' ilieunetcr of the jeidh'V on A, anel d that on B. 

if Tie) slippiiiff oe-eairs be'twecn the belt and the rim of the jeulh'y, the .speed of the rim must be the 

same as that e>f the belt. 

eSjK'cel of ritn of A = DXTrxN, and this must be the! seiine as the sjeeeel of B or d X tt x n ; 

.■. DTrN = d7rn 


or 


n 

N 


D 

d' 


( 1 ) 


It folletws that ■win'll the eiiainelers eif the pulh'ys arc the same, the minibcr of revolutions of A is the same 

as B. 


Kxamjde. Ijob the. jadh'y on A be HG'' eiiameter, and make 100 revolutions per minute. 
If the pulley on B is 12" diaiii.. 


Speed of B! 


3(1x100 

= .j 00 revol. per inin. 
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Length of Belt. A good iipproxiiiiatioii to tlio l('iigtli of Ix'lt, rc(piii(Ml may ho obtained by grajihieJil 
■oustructioii. lift A and B (Kig. I IO) denote ibe two pulleys. Draw' CF tbe coininon tangent b) tins two 
■ireles, tlnni one-balf tbe. length l■e(plil•e<l is obviously the are DC, tiu! leiiglb CF and tlie are FE. Divide, tbe. 
in-. CD into four eipjal parts so that Cb is CD. With C as (•••litre and Cb as radius, deseribe an are 
[■utting FC produced in R. Tlien with R as e.entre and RD as radius, deseiibe an arc cutting FC produced 



A B 



Fto. 111.—Arms of I’uUeyH. 


in M. Tbe. length CM is ecjual to the arc CD. In a similar manner, obtain the point N. Then twice 
the length MN i.s the length of belt recpiired. 

Pulleys made of cast iron are commonly used for comparatively low' speeds, but this material is not 
sufficiently trustworthy or safe in the case of high speeds, hor such high speeds the boss alone frcijuently 
is made of cast iron, the rim and arms arc cither wrought iron or mild steel. Jbdleys made in this manner 
have less weight than those of cast iron and are more trustworthy. 

Arms of pulleys. The arras of pulleys when made of cast iron may be segmented, as at A (Fig. Ill), 
elliptical as at B, or cross-shaped as shown in Fig. 114. T^e thickness t (hig. Ill) is usually made ^w. 
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When the arms are made of wrought iron the cross-section is (urciular, one end being 
made taper to fit a corres|)onding tajjcr hole in tlie cast iron boss of the pulley. The other 
en<l fits into the rim, wliich is usually provided with a collar pressing against the rim, as 


Fiang^ Puflijy 
or 

Shrouded Rim. 


in Fig. II? 


By releasiiig the joint in the rim and also the four bolts at the centre, the pulley can 

be placed in position on the sliaft. The hole is made 
slightly smaller than the shaft, and the pulley is secured 
to the shaft by tightening the bolts in the boss. 

Exmnplr. Draw th(“. wrought iron pulley 



■f 


Cross Section oP Arms. 

Flo. 114. 


(Fig. 112). Seale Make any necc.ssary 
rcction in the right-hand view. 


(;or- 



Fia. 113. 


Rims of pulleys. The rim of a pulley for a flat 
belt may be cither fat or convex. The convex rim 
tends to keep the belt in the middle of the pulley. Two flanges, 
as in Fig. llfl, are sometimes provided for the same purpose. This 
4 form of pulley is known as a jlaiujcd jyullcy, or shrouded rim. Some 
forms of rims for various jiullcys are shown in Figs. 112, 113, 114, 
1 15, and 1IG. 

Eim for rope pulley (Fig. 114). The rope lies in a semicircular 
groove. 

Examjde. Draw the section of the rim and arm for a rope 
pulley Fig. 114. Seale half size. 

’ Rim for wire rope. To prevent injury to the ro])e and to the pulley, 
the rims of jnilleys for wire ropes arc made so wide that the rope does 
not prc.ss against the sides of the groove, but is merely in contact on the 
round(‘d bottom of the groove. To prevent the rapid wear of the cast 
iron, the bottom of the groove is lined with wood or, better, with 
leather. The leather is made in pieces of the shape of the notch and 
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hiiiimion'd in Wlicii .1 wood liiiinji; is used, tlio ])i('c(‘s arc inserted tlii'ousli nn oju-niiiff in the side, of the 
rim, mid wlieu tlie lining' is <‘om|)lcte.d tlie ojxMiing is closed by using a metal ])late au<l set screws. The 
form of rim is shown in h’ig. I l.'i. 

Eim for chain pulley. In din'ereutial pulley blo<‘.ks, in cranes, etc., in which chains are used, tlie rim is of 
the form shown in li’ig. 110. 

Use of curved arms. Various jiractical metliods arc adojited to ensure uniformity of cooling during 
the process of easting a pulley. One plan is to uncover the thicker parts of the pulley -such as those at or 
near the centre—and to leave the tJiinner ])ortions—such as the rim and arms -eovcired in the sand. 

But even when this ]jr(*eaulion is adojited, when the arms of the pulley arc straight the uneijual 
cooliiu', and in couse(|ueiii'(' uneijual eontraetion. introduei's unknown initial stresses in the malerial and 
te.nds to jiroduce fracture—usuall)- at or mair the junction of the arm and the rim. 

When the arms aiv curved as in big. 117, the initial stresses arc le.ssencd owing to ^thc tendency of 
the arms to straighten during coi.tlng. Tliree forms ot arms arc shown in big. 117. I hey arc known 
resjiectivcly as a stniit/Jif. as a (■Hi-rcil arm, and as an S-arnted pulley. The centres for the curves arc 

(as indieat'ed) olitaincd by using the. t'.O" and GO' set sijuarc. This plan gives a mean centre a. As the width 
of the arm is slightly le.ss near (lie rim than it is near the centre, two cemtres must be used; and these 

may be obtaiiu'd liy setting olf half tlie thickness of the rim on each side of tl;e mean centre. 

S-armed pulley. 'Po obtain the mean <;eutrcs for the curves, make CD = fjCB; through D draw a line 
at 45“ with CB, and Ca perjicudieular, thus obtaining the mean centre. Se.t off, as in the preceding case, 
distances on each side for the respect i\’e cmitres. The centre for the remaining portions of the curve is 
obtained at E hy drawing BE jicrjtendicular to Da to meet aD produced in E. 

Fast and loose pulleys. A commnn ar^angeinent in a shop or factory is to drive direct from the 
engine one or more shafts calleil tvani, drirnaj or taie siiafts. '1 he.se, by means of pulleys and belts, give 
motion to smaller sliafts calh'd coiuitcr sha/t'i placed in convenient jio.sitions at or near the machines to be 
driven. Any of tliese maeliincvS may reejuire to be stopj'od at intervals, or r(‘started without in any manner 
disturbing the remainder. An arrangement of fast and iuo.so pulleys is used for the purjxise. This 

arrangement consists of two pulleys of c<pial size, one of which is fastened to the counter shaft by means of 
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a key or a set serew; the other rf>Uite freely, hut any motion in the direction of the length of the 
shaft is prevented hy means of a collar as at C (Fig. 118). 

Exmnple. Draw ^ size the two views of fast and loose pulleys (Fig. .118). 



T'k;. IIH.—Fant and Punr3'«. 


Speed cones. Speed eoncs are used in machine tools and for many other purposes to drive a machine 
at dilfercnt rates of .s]teed. A ccninter shaft carries--in a<lditiuu to a fast and loose pulley arrangement— -a 
speed cone (Fi<n ll!*). 'J’his cone hy means of a belt gives motion tp a similar cone placed on the machine 
and arranged as indicated. The diaUitit/Cr <>f A ’’s 20 and that of D is 10 • The diameters of the two 
intermediate pulleys may be found by drawing a line from A to D. 

Example, (a) Draw the three \ lews of the speed cones, Fig. 119. Scale \ full size. 

{h) If the axes of the two shafts are 15 feet apart, find the length of belt required. 

(c) If the upper speed cone makes 100 revolutions per minute, find the number of revolutions 
of the lower cone for all positions of tlfb belt. 
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J*J.r<ii)i/)hf. Dniw the scetioiiiil elevation, tiiid view, and a i)]an of the three speed <‘oiic (Fi^t- /20). 
Seale J full size.. 

Counter shaft. The j^eueral aniui<fe.ineiit of fast and loo.se ]»ulleys and speed eones niav he scam hy 
refereuec to Fig. 121. The shaft eaiivine thii.se i.s .sup|)orted hy two brackets fastened to pillars, or to 



any eonvfinient .support nea.i' tlie. ceiling of lJu sliop. I'indhuig motion of the shaft is prevented by two 
collars. CC, list'd to the .shaft tui tin; outside of each bracket. 

The belt is shilted from the fast to tlm loose pulley, or conversely, by incans of a hf‘If fork. This 
fork is fixed to a flat bar, called fi slrlkin;/ bar, earrieil b; two supports attached to the bi'ackcts. The 
belt fork and striking bar to which it is fastened can be moved to the right or left by means of the 
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cords juid pulleys sliown in Fig. 121. Siiifaldc sto]»s, S, S, ])rcvcnt tlu! striding bar from being moved 
tf )0 far in eitlicr direction. 

Rope pulleys. Flat belts are not suitable for tbe main driving pulleys in large engineering or other 
works on account- of tbe tendency to .slip, and also tbe liability to total sto|)[)age in tbe. <'ase of a breakdown. 
Sjjur gt'aj'ing may be u.sed, but ro 2 )e driving offers many advaiitages over eitber belts or spur gearing. 



Formerly fbe rojies n.sed were made from JVlauilla or llus-sian bemp, but rolloti is used now invjiriably. 
Tbe, ropes vary in diameter from "I" tb 'l". Tbe pulbys arc usually of east iron, and the rims grooved to 
suit, tb(! ropes. 

One form of tbe rim is shown in Fig. 122. It will be natieed tbat tbe rope rests on the sides of 
tbe groove and not on tbe bottom. Tbe diameter of tbe pulley us('d is geiu'rally not b'ss tban 30 times the 
diametm- of tbe ro])e, and the horizontal distance between tlic pulleys not b'ss tban 20 feet, but may be 
100 feet. The driving side of tbe rope should be on the lower part of tbe pulleys and the slack side above. 
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The speed of the rope varies coiisitlerfihly. Speeds of 2000 ft. ])er nuHute are sometimes used, but 
the usual speed is about 4000 ft. jmt minute. The mimber of grooves iu the rim depends upon the 
power to he transmitted. Wlien this power is considerable, the number may be GO in the ease of engines 
develo])ing upwards of 4000 n.i*. 

The width of tlie ]>ull('y fact! can lx* found by multi])lying the number of grooves by the pitch and 
adding to the prod mb the thickness of tlm ituter flange.s. 

Example. Draw, to a scale of -J full size, a sectional ehivat.ion and end view of the rope pulley 
(Fig. 122). Diameter of yudley, 3 ft. 9 in. 

Example. Draw half size the two views of a curved aim split pulley (Fig. 123). 


EXEKCIKES. V. 

1. (Jive any reasons you can why tin; rims and ai’ins of east iron pulleys arc often curved. What 
are the objections t,o slraight aianed pulleys and how are tlie.se ovcu'come? 

2. Show, by sk<‘-lehes, nn arra.ngcment of fast and loo.se pidh!y.s. In what cireum.stanccs would such an 
arrangement be. used ? 

3. Show the cross .sect ions of two forms of arms used for cast iron pulleys. 

4. Show, by sketches, the construction of a speed or stejiped cone pulley, giving an example where 
such a pulley is u.sed. 

Sketch and deseribc^ three distinct ways by which a fiat belt may he retained on the surface of 
a pulley when running. [B.E. | 

6. Show, bv skiitches, the con.strnctiou of a hclt-pullcy having a light malleable metal rim, and made 

in such a waiy that it may he fi.\(‘d to the .shaft without threading it over the end. [B.E.] 

7. With the aid of a graphical eon.struction determine the length of a crossed belt required to embrace 

either of two pairs of jjnlleys which are. mounted on parailui shafts 3' G" apart. Tlie .smaller pulley on each 

shaft is 8" diameter and the vel(K‘ity ratio at the higher spee.<l is U) be four times that at the lower, speed. 
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8. A sliaft rnnniiijj; at, I(K) n^voliitioiis jx'r minute drives aimtlier liy a leather belt. The pulley on 
first shaft is 18" diameU'r; tlu' pulley on the siM'oud shaft is 30" diann’tcr. Sheteli the amineenient and 
find the spee<l of the si'cond shaft. If tie- same belt is to drive the, second shaft at 40 i-evolutious per 
minut*!, find LIk; diametcM-s (if the two jiulleys. 

9. Sket<;h in section llie rims of pulh'ys suitahlc fiir (l) hiatlier belting, (‘2) cotton rope gearing, 
(3) wire rope. 

lO; Show, by shctelu's, the ctinstruet.ion of a split, pulley for a line of shafting, ex|)laining how the 
pulley is scM-.ured to the shaft. 

11. The section of the rim of a jtulley, 21 in. diameter, is given (Fig. 114). The boss is (J in. 
diameter and in. long bonsl out, to 3 in. diameter. It has si.x arms of the cross section .shown. Draw 
c,omplete section and elevation. Scale 

12. A pulley, 5 ft. diameter, rotating at 120 revolutions per minute, is connected by a belt to a 
pulley, 2 ft. diameter, on a main shaft. On the, main shaft a pulley, 3 ft. diameter, transmits motion by 
means of a belt to one of I ft. 9 in. diameter on a counter-shaft. ()n the counter-shaft are speed cones, 
the largest and smallest diameters being re,.spcctively 12 in. and 0 in.; these, drive a corresponding .set of 
speed cones on the spindle of a lathe. Find the highest and lowtist speeds at which the lathe can rotate. 
Sketch the arrangement. 

13. A fly-wheel, 6 ft. diameter, revolves 1.50 times per minute; find the, speed of the rim in feet 
per second. A belt connects the. fly-wheel to a pulley, 2 ft. 6 in. diameter, on another shaft. Tf the slip 
of the belt is 2 per cent., find the speed of the driven shaft. 

14. The speeds of a driving pulley and the follower are 140 and 80 revolutions per minute respec¬ 
tively, and the sum of their diameters is OG in. Find the diameters of the driver and follower. 



CHAPTER VI. 

AVIIHELS. 

Linear and angular velocity. If two cyliiidors, A .-mkI B (Fifj;. 124), the axc.s of wliich ar(> parallel, are 
prcssi'd lijfhtly in I'ontjuit, then when oiu^ rotiit(!s the adhe.sioii of the sm'fae.(\s will caus(! rotation of the 
other. If no .slipping oeeurs, the surfae-e of one will move at the same speed as that of the otheJ-. This 



Fm. 124. * Fig. 126. 

surface speed is called linear veloeiLy, and is usually c.stimated by the number of feet moved through in a 
unit of time by a jxiint in the rim. 

Angular velocity. Another method of estimating the speed is by anyular velocity. Thus, in one 
rotation, the angle moved through by any uadius, such as CB, would bo 360° or 2ir radians. A radian 
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iiulic!itr(\s ail aiiiflc sucli tlial, (lui Iciiglli of Iho arc. AB (Fig. 12.')) is cijiial 1o tlio. radius AC. That is to 
say tlic angle ACB is or 67'3. 

The relation between linear and augul.ir veloeily is given by 

V — ('T.(1) 


where v is the veloeily of B in h'et ])er .second, r 
fleiiotcs the angular velocity iu railiaiis per sccoikI. 

If the two cylinders are of oiju.'d .size, they will 
each make the .same, number of turns in the unit of 
time. If one cylinder is twice as large as the other, 
the smaller cylinder will make two revolutions whilst 
the larger makes one. If onfTeylinder is tlu'ce times 
the .size of the other, then one will make three revolu¬ 
tions whilst the other m.ikes one, and so on. 'I'liose 
facts may be e.vjiressed readily b\' using .syinbol.s. If 
n revolutions are made in unit time, then <»=2irn. 

.'Vlso, from (1), v = 27rnr. Thus, n- 

From this result it is .seen easily that for the 
same surface speeil, as r inerea.ses n diminishes. 
Thus if r is doubled, n is one-half its jirevious value. 

Example. ,\ cylinder 0 ft. diametifr 
makes .30 revolutions jier second. What is 
its angular velocity? Akso what is the linear 
speed of a point in its rim ? 

Here &) — 2irn = GOir radians 

V = ii>r = SOOt ft. per sec. 


the distance in I’eet of B from the ecuti’c C, and m 



Fin. 126 .—Friction Clutch. 


Friction clutches. The arrangement illustrated 

in Fig. 124 is used in modified forms in .so-called //vieri'on ffnp.s or clntche.'^, one of which is shown in Fig. 126. 
A is the driving shaft on which a friction clutch is mounted,_ rotating with the shaft but by means of a 
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auitiible lever o])eriiting in the, nrroove G, lie', elute,h e.iui he moved h.iekwiird.s or forwards along the shaft. 
When in this manner the two iiudiiied surfaee.s of C and D are jm-ssed tightly together, rotation of A will 
ensure rotation of B, and B will remain at rest wlion the eluteh C is not in contiiet. 

Examjilc. Draw the .seetiomd clc'vation of the friction clutch shov-n in Fig. 1:26. Draw also n 
plan and an end view. Scale half size. 

Teeth of wheels. The method shown in Fig. 124, although useful for m/iny purposes, such as friction 
wluads, etc,., i.s not always suit.al)le. for tlie, transmission of force, for even when the two surfaces are pressed 
together resistanc(!s to moti(»n juay produce sli])ping. In order to prevent slipping, ]>rojection.s adled teeth 
arc provided on each cylinder, and hy this means the rotation of one shaft can he transmitted with accuracy 
to the othei’, the motion hdng tlie same as if two cylinders were in eontae,t. Tlie-se e.ylindrical surfaces 
are calhsl pitch Hurjhra^, and the two eindes rejwestnting the e.ire.uinf(‘.rene(>,s of the <;ylindci's are the 
pitch cirefex of tlu! wlieel.s. Sueli circles are always assumed to x'-xi.st in every ])air of wliecls in gear, and 
it is important in wheels gearing together so to shape the teeth that the jiiteh circles will just touch each 
other without any slip])ing. 

'I’he lengtli of the lino or arc joining the centre's of two consecutive teeth, as AC (Fig. 128), is called the 
pitch of the teeth, or simply the lotch. The various parts of the tooth of a wlniel are expressed in tenns 
of the ])ite,h. 'I’lte distance the tooth projects above the pitch cinde is c,alled the fnce, the distance below 
the fUmk. I’he thi(d<nc.ss of the tooth, which is mca.sured on the pitch circle, may he denoted by T, the 
width of the space by S, and th«j thickne.ss of the rim by R (Fig. 127). Alt these quantities are expressed 
in terms of the pitcdi, and therefore are found easily when the pitch p is know'n. Tlie following 
proportitnis rciu'cscnt fairly av«‘rage values : 

H = heiglit of tooth alawc ])itch cir<de. = 0'^ p. 

D = depth ,, btdotv ,, * — 0’4 p. 

T = thickness of tooth =t)’48 p. 

S = width of space ^()'52 p. 

R = lhickm!.ss of rira ={)’4H p. 

Other proportional numbers are given in Fig. 128. 
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When the teeth are made aecuratcly, as in macliino moulded whccds and also in machine cut teeth, the 
above ])ro])ortious may be modilied, i.c. the thiekness T may be. increased slii^htly and the width of space 
8 d'iminisheil slightly. 

For more detaile.d informatioii reference should be made to works dealing with the subject. 

Tlie beginner should notice carefully that, the fractional parts of the pitch denoted by T and S are, 
when added together, (u]ual to p. 

The proportions which may be adopUid for the arms of a winded can also be expressed in terms of p, 
as in Fig. 128. 

It will be found to be a good plan to make drawings of wheel teeth on canlboard or sheet zino, and 
afterwards to cut these, but as carefully as })ossible. Then, by placing them in gear, the .student is enabled 
to test the a(}(iurac,y of Ids work. 

It will be obvious from the preceding definition of pitch that the number of teeth in a wheel 
multiplied by the pitch will give, the tdreumference. of tlie pitch circle. But this circumference is also the 
diameter of the ])itch circle multiplied by tt. Hence, we have the relation, 

Diameter of pitch circle x tt = Number of teeth x pitch. 


ird = np. 


where d denotes <liam<!ter, n tlie number of teeth, and p the pitch. 

From this relation, when any two of the three terms n, p, and d are given, the remaining term may 

22 

be obtained. The value of it is u.sually taken to be ~ or 3T416. The former value is in many cases 

sufficiently accurate, and tlie latter when expressed in the form 3T42 is very convenient for use with 
four-figure logarithiihs. 


Example. 1. A wheel lias 30 teeth of jMteb. hdnd fhe diameter of the pitch circle. 

. 30 X 2 

d =- 

TT 

Ibg d = log GO — log IT = ] '2810; 
d~19 t inche.s 
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Exnni/ilc 2. I'lic of tlic tc'ctli of a wliccl is to be It" and the diameter of its pitch 

circle ns luuirly as possible e,(|ual to 4 ft. Find the number of teeth. 

‘IKxtt 

n = ■ - — 1 Gtt, 

log n = log IG + log TT = I '701 It ; 
n —.')()"27. 


It is obviou.s tliat tliere. e.annot he a fi’aetional j)art of a tootli in a wheel. llcne,(! we may take 
50 as the neanst whole numher for tlie nunihcr of teeth, and e,aleulat(> the diameter thus; 

, 50 X It 150 

d:-- 

TT TT 

log d = log 150 — log TT — 1 ’(lySO i 
d = 47"74. 


Rack. The eireumferenee of a circle approaches luairer n,n<l nearer to a. straight line, as the radius of 
the circle is inerea.siMl. When the. radius is considered to he. intinitely long, the pitch circle becomes a 
straight line, the jjroportions adopt(ul for the tt'cth obviously remain unaltered. 


Wheels and pinions. Wlnui two whecds of une(|ual size are in gear, the larger is usually known as a 
tt'hcel and the smaller as a. puiimi. 

In Fig. 128 th(' <devation and section of a spiw wheel and pinion in gear is shown. The wheel has 30 
teeth of 2" pit<-h and the pinion 15 U-eth of 2" pitch. 


The diameter of the pitch circle of the wheel is given by d 


ii^^=i9"-i. 

TT 


The diameter of the, pitch circle of the jnnion = = 9"‘55. 

Draw a circle l!)"'l diameter and divide the, eireumferenee into 30 ecpial part.s. To obtain the 
propoi’tions for the teeth, draw a line AB equal to tin* jlteh aind divide this, as in Hg. 127, into 15 equal 
parts. Make, tlu^ thickmiss of the tooth 7 of those parts, width of the space 8, the distance H = 5 
and D -- 0 parts. 
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Tlui ouivcs for the toetli are usuiilly drawn witli eeiitres on the pitch circle and a radius equal to the 
pitch. The flanks of tlic pinion may lie made radial, i.e. drawn to the centre of the pitch circle. 

Exaini}le. Draw the given wheel and jiinion (Fig. 1U8). Seale half full size. 

Forms of the teeth. It is beyond the .scope of a liook of this kind to enter fully into the shapes 
which are adoptcsl for the curvefl jiortions of the teetli of wheels. I'Ik; form adojitisl may be that of 
a (Cycloid. Such a c.urx’c is formei.1 by a point in the periphery of a, cylinder or di.se rolling on a horizontal 

surface; it is called an epicycloid when the disc referred to rolls on the oiilside of a fixed circle and a 

ln/j)ocycloid when it rolls on tlie inside. The di.se is usually called the rolliny eirele. 

It is instructive to obtain these curves not. only by the usual geonu'tlical methods but also experi- 
inontally. Thus, a .sector of a circle repre.senting .a jiortion of the pite.h circle may be made from a pieite 
of thin wood, .sheet zinc, etc., and the rolling circuit's may c.onsi.st of small di.scs of wood or other material. 

A convenient method is as follows; Draw the circle rejiresenting tlu' pitch circle of a wheel; draw on 
a piece of tracing paper a smaller or rolling circle ; make a mark on t he circumference of tin; jiitch circle 
and a corresponding mark on the tracing paper; put the two circles toudiing eadi otlu'r with th(‘, marks 
coincident; tluui, inserting a ])ri(,ker, or the ne.edle jioint of a pair of dividers, roll the smaller circle on 
the larger one, marking sucee.ssive positions of the point. In this manner the two curves forming thc 

uppiir part or /bee, and the lower part or flank of a tooth may be obtained.’ 

Rolling circle. 'J’hc diameter of the rolling ciirh! is usually made eipial to tnnee the pitch. An 
exception to this rule is furni.shed by a .set of change wheels for a lathe, in whidi the Hanks of the 
smallest wheel in the .set are. made radial, i.e. the diameter of the rolling circle is made eijual to the radius 
of the pitch circle of the smalle.st wheel of the .set. 

Conventional methods. In working drawings it is customary to draw the pitch circle, or pitch circle.s, 
and to write on the drawing the, neces.sary jiarticulars, such as number of teeth, pitch, etc. Or two or 
more teeth and the arms, boss and .shaft may be shown. 

Spur and bevel wheels. When the axes of two shafts are parallel and a suitable distance apart, they 
may be connected -by spur wheels. When the axes meet at an angle, herd wheels are used. The pitch 
surfaces in the first case are cylinders, those of the latter are cones and are called pitch cones (Fig. 12!)). 

*'rhe curve traced out by the end of a piece of flexible string unwound from a circle and kept tight, is called an involute, 
and is usually better adapted than curves of a cycloidal form. • 
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la (lifiwia^ bevel wheels, u couventioaal method fro(|ueuUy adopted is to draw—as in Fig. 129 


C 



portions of the two piteli e.ones and to write on the (hawing the nninlxn- of teeth, pitch, and any other 
neces-sary information. 

Another method i.s to draw the wliecls in section; only two teeth, drawn in elevation, are shown 
and any necessary data not indicated hy tin; <lrawing may be written on it. 
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Mitre wheels. When the two bevel whechs which gear togetlicr are of ecjiial size, they are eallcd 
mitre wheels, and tlie e<»ies of tlie wheels can be shown when tlu! diameters of the pit<:h circles ol 

the wheels arc known. In this in.stanec, as in the ca.se of two wheels of nneipial size, the dianieler ol 
the pitch circle of citluT whet'.l can be obtained when the number of teeth ami the ])itch of the teeth 
arc given. The simple ne(!e.ssaiy calculation may be seen from the following ease of two unequal wheels. 


Exaih 2 >le. {<() Draw the projection of two bevel wheels having 20 and 36 teeth rcsjiectively. 
pitch. (/') Draw a sectional elevation and end view of the smaller wheel and show the develop¬ 
ment of one tooth. Width of fac.e 2J". 

From the ndation tt x diameter = No. of teeth X])itch 


we have, 


diameter of large wh(‘eD=' 


- l4"-32, 


diametc.i 


*’() V M 

of smaller wheel = --^ 

TT 


(a) These wluiels woidd in many ca.ses be .shown in a con\’entional manner, a.s in Fig. 129. (I). Two lines, 

AB and AC, are drawn at right angles to each other; AC is made e(jual to 7"'9G, the diameter of the 
smaller; and AB ecjual to 14’32", the diaimtcr of the larger wheel. The centre lines meeting at V are next 
drawn. Join C, A, ami B to V ; then VCA, and VAB will represent the pitch cones of the two wheels. 
Mark off CD equal to the width of fae.e, and the conventional drawing may be completed ns shown. In 
addition, lines roughly indicating the teeth may be drawn, as .shown. 

{h) The two wheels may be shown in .section as in Fig. 129. To draw the development of one tooth 

we may proceed as follows: 

Obtain V the common vertex of the two conc.s*, as in the preceding drawnng, and join C, A, and B to V. 
Draw a line CO at right angles to CV and meeting VE produced in O. With O as centre and CO as 
radius, de.scribc an are of a circle denoting the pitch circle of the jiinion. Set up thci height H and 
depth D of the tooth. With O as centre obtain the points M and N ; draw a line from M to centre V, 

and cut off a distance ML = width of faee = 2y'. Complete the sections of the. wheel and pinion using 

the dimensions given. Scale full size. , 
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Skew bevel wheels. It will Ix! obviouK tlint wlicii axes of tlic two shafts, as in Eig. 129, moot at 
a point, OJU! shaft may ho of any dosirod h'nj>th in either direction, hut the other must terminate before 
it reaches tlie conitnou centre V. 

In many (rases, t(j provide suitahhr heariiifj; surfac<*s and for other jtui’poses, it is necessary tliat both 
shafts sliall las made to pass each otlier, and what an*, ladled sl,rw ht'n'ls ar(>. used, in wliich the centre line, 
or axis of each shaft, (hx's not wluni prodnc<rd pass throiiffh a ])oint V hut on one side of it. 

Familiar exainjjles of wheels ot this kind are to l(e found in “ Enj^ineers’ drills,” etc.. 

Anns of wheels. 'J'hc sliapc adopted for tlie aims of a wheel depends chiefly upon its size. For small 



130.—StM'lioii.s oi ArniK of Whorls. 



Fic. 131.—'Rims <»f Mortiao WhcclH. 


wheels, the cross .setrtion may lie an ellipse, or a cross, as at I and II (Fig. 130). For large and heavy wheels, 

a double ti'c shape ns at III, and for bevel wluads, a tec form shown at IV may bo u.secl. 

Mortise wheels. The. noise, and vibration cau.sed by two wlitarls in gear, wlnm rotating rapidly, is 
considerably diminished wlu'ii one of the wheels is ])rovided with wooden tc'cth, and the wheel is then 

known as a mortise -irheel. In addition, the w'car e.hi(;tly o(reuis on tlu! wooden teeth and the teeth can 

be o'phmed readily when worn. Such a wheel, usually mad(! of east_ iron, is e.ast with a series of rectangular 
holes in the rim; into each of tlie.se openifg.s woode.H blocks are fitted tightly, and in addition usually 
fastened by means of pins j)assing through each tooth on the under side, of the rim (as at V, Fig. 131), 

or wooden wedges (as at VI, Fig. f.'il) are in.serted fijr the .same purpose. The form of rim for a mortise 

bevel wheel is .shown at VII, Fig. 132. 

When the wooden blocks are fitted lo the rim, the wheel is put into the lathe and the blocks machined 

on the face and edges. Finally the blocks are^ cut to the ie([uired shape either by hand or machinery. 
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Shrouded wheels. Tn wheels, sueh as iu the pinions, n.sed in eranes, etc., the width of the 

riin is frequently made wider than the teeth and of a size to riiacdi to the full lieijilit or half the height 

“ O 



of the tooth on one or both sides of a looth (Fig. !‘l:i). 'Phis |)lan is ealled .shrovdnu;, the ohjeet being to 
strengthen the teeth. 


EXERCISES. VI. 

1. What is the naaining of the terms piteh, breadth of faee, thie.kuess of tooth, pitch circle, pitch 
line, rim, arm, and Ikkss as applied in toothed gearing ? 

2. A spur wheel has teeth fif 3 inches 2 >iteh. Sketch a tooth and mark on it the thiekm'ss at the 
pit(di line, and the height above and depth below tlie jiiteh line. What names are given to the.se distances ? 

3. Show by a sketch what is meant by the clearance of wheel teeth. 

4. (live .sketches of a mortise ojien wheel showing the form of the rim and of the teeth, and the 
method of fixing the latter. In w'hat circunistanees would morti.se wheels be used ? 

5. I’wo shafts intersect at right angles and are connected by bevel wheels with 22 and 44 teeth 
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respectively of 1" ])itcli. Draw the pitch surfaces of the wheels, and find the devclopnieut of the conical 
surfaces on which tlic .shape,s of the end.s of the teeth are set out. 

6. Sketch in section a pair of bevel wheels in gear with one another. The centre lines of the shafts 

and the pitch surfaces ai'c to bo shown. 

7. Two bevel wlicels connecting .shafts at right angles have respectively 12 and 30 teeth, the pitch 

being 2". Tlic widtJi of face is 4". Set out tlie piteli surfaces of ttie wheels. Show also the development of 

one tooth of the sinfdler wheel, the Hanks being radial and the diameter of the rolling circle for the face 

e(jual to twice the ])i(di. 

8. Diavv to scale, full size, one tooth of a pinion which has 12 teeth of 2^" pitch, the rolling or 
describing circhj for the teeth being 4'3 times the diameter. 

0. A spur wheel has a ])itch circle 30 inches diameter with ])itch of teeth 2 inches. Sketch a suit¬ 
able tooih for this, and in.sert all the necessary dimension.s. 

10. Make a sketch of 4 teeth for a rack, 3" ])it(;b. Write on your sketch the various dimensions. 

11. Write <lown ordinary projiortions, in terms of the ]»itch, for t he t(‘(>th of wheels. Set out to scale 
the corrc'ct foim of a tooth for a .spur pinion of 10 ti^eth 2" ])itch, the lolliug circle being such as to give 
radial Hank.s. 

12. Set out to 8C:ile a cycloid, the diameter of the rolling cinile being 2". Draw one tooth of a rack, 

1" pitch, the faces and flanks of the teeth being portion.s of the above cycloid. 

13. Draw full .size, two views of oius tooth of a mitre wheel of 16 teeth, Ij" pitch, 2}/' broad, the size 

of the rolling (urclc la'ing such that the teeth have radial llaiik.s. 

14. Describe how the parts of a large spur wheel arc put together,, and explain why the wheel is 
made in segments. 

15. Di'scribc the. construction of a morti.st! spur wheel. (a) In wh.vt circ.umstanccs can such a wheel 
be used with advantage;? (b) W1 lat kind of wood is used for the u'ctli? (c) I)o,scribc the process of recog- 
giijg such a wheel. 

16. A ])inion of 12 teeth, 2" pitch, gears with a rack Draw, full size, one tooth of the pinion and the 

rack, the rolling circle to be such as to give radial flanks to the teeth of the ]union. 
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17. Sket^ili aii(] (lc.scrib(^ tlic coiKstruction of a gearing cluiin and tootlicd pulley, (live two examples < 
such a gear, pointing out the special advantages leading to its adoption. 



18. A a(>.gment of a largo spur wheel i.s shown in IHg. 1.84, the portion shown may ho drawn straigh 
instead of curved. Se-ale {. [B.E.] 





CnAFTER VII. 

BEAEINGS. 

Bearings. All I'olaf.shafts and hoarinits rt'(|uirt‘. to be .sup|)ort('(] at variou.s plac.o.s along their 
lengths. Thest' support.- e r in the case of a spindle or .shaft which rotates .slowly or intermittently, 


M 



Kiti. —Small Uraoket. 


may be of simple form. A simple foiin of bearing ma}- e.on.sist of some kind of cast-iron bracket in which 
a hole is bored to lit. the shaft. Such brackets are made in a variety of forms depending upon the purpose 
for which they are intended. A simple bracked, B, which may be fastened to one side of a machine, M, by 
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iiKiaij.s of tlio tap liolt.s indicated, is shown in Kig. 135. 'J'lie hole is liored to fit the shaft, and tlicre is no 
adjustment for wear. 

K.r<iini)h’. Draw the two views of a. simple Inaeket (Fig. 135). Seale full size. 

.Another form of hrae.Uet is .shown in Fig. l.3(). In this ea.se, the. hole in the hraeki't is made larger 
than the. .shaft, and the .«pae,e, hetween (he hraekiit and (he .shaft is 
tilled hy a brass cylinder. The outside of the brass hu.sh is niade (o 
fit the hole in tin; bracket tightly, and the inside is bored to fit the 
shaft. A .small screw, having omi half its dianustt'r in the bracket 
and the other half in the bu.sh, is usually in.serted t.o jirevent rota¬ 
tion of the. hu.sh. ' 

In this arra.ng(!tn(!nt not only is (.he. friction hetwc'cn the shaft, 
and its laairing i’edu(;cd by the. u.se of (lie softer m<‘ta], but, in addi 
Lion, the. bush, when worn, can be readily replaced. 

Exainpl(\ Draw the two views of the bracket (Fig. I3()). 

Seale full size. Also draw an end aIcw. 

Pedestal. When a brass bush, as in Fig. 137, is made in two 
parts and means provided .so that, as wear takes place, the two parts 
(!a.n be drawn closer together, w<“. ol)(,ain an arrangement in which 
compensation for wear can be made. The pedcKhd, or pJuini)i(‘r h/oc/c, 
one form of which is shown in Fig. 137, (^oirsists of a c.a.st-iron 
block, B, and a ca,st-iron cap, C, made to fit the block. Two 

bra.ss steps, S, arc fitted to the. block, the part,s on' the stcjis 
markcil a, a, fit the .corresponding parts on the hloV.k, and the halves 
of the steps can he drawn together by means of two bolts, one of which is shown at b. These bolts 

pass through two Imles in the pedesta,! and cap as .shown. 

The holes both in the block and the caj) are .somewhat larger than the diameter of the. bolt as shown 
in Fig. 137. This allows for slight irregularities in the ca.sting. Jn a similar manner, the sfjnare. head 

of the bolt fits somewhat loo.sely a coire.spouding hole in tljc block. 



Fia. 13(i.—Brauket. 
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Ed'ample. Draw the details of the pedestal (Fig. 137). Also draw a see.tioiial elevation, end 
view and plan, with all the details inserted in place in the pedc.stal and showing the pedestal on 
the wall plate (Fig. 138). Bolts, diameter. Scale, (i"- -1'. 



Fkj. I.SS.—Wall Plato. 


Hangers. When a shaft is supported from the ceiling of a room, the hearing may take the form shown 
in Fig. 139. In this arrangement, a suitable cavity is prt>vided, in the central jxn’t of tlu; hanger, int-o which 
one of the brass steps is fitted. The other step is fitted to the cap, and the whole bolted together. 

Various methods'arc in use to prevent the rotation of the steps, or bra.sses. Thus, the parts of the 
steps which are made to fit corresponding parts of the hanger and cap may be made rxitagonal, rectangular, 
or circular in form. 'The first is indicated in Fig. 137. Wlicn of a'circular form a suitable stop is provided 
to prevent rotation. 

It is only possible to refer to a few of the many kinds of hangers, or brackets, in gene”"’ ’ 
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instoii(] of tlio pedes),ill huso beino bent round iind ujiwiirds luid fiisti'iied on both sides to the ceiling, iis 
in Fig. 13!), it imiy be fastened on one side only iind is ihen known iis ii Bracket. 

K'j-a'inj>le. l)niw the two \ iews of the hunger. Scale 4" to l'. (hhg. 13!).) 



A fVn'm usually fa.stened to one side o(' a pillar and known as ii Pillar Bracket is shown in Fig. 140. 
' oother form known as a Wall Bracket, used for sujijKi' Ling a horizontal shaft parallel to. and at some 
from, a wall is shown in Fig. 141. 

'"ample. Draw the two views of‘thc bracket (Fig. 140). Sc.ide. 6" to 1'. 
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Emniple. Draw the two view.s of tlie hanger .shown (Fig. 141). Make any neces.sary corrections 
in the end view. Scale G" to 1'. 

Example. A pedc.stal suitable for tliis lianger is 
shown in 'Fig. 142. Draw this to .scale G" to l', ])uttuig 
all the details into their ])la(!es in the pedc.stal, and showing 
the pedestal in position on the hanger. 

Electric motor bearin^t. d'hc bciirings of motors which have 
to run at high speeds are, niade, in vaiious forni.s. One, is .shown 
in Fig. 14‘J. 1'he bearing is 4 tliaineters in length, juid is 
supported in a spherical .sliell. 'I’his method allows the .shaft I 

to adjust, itself, if for any cause it is deviatecl from its horizontal (—r'j "i 



Fi(i. Ml. 



position. The bearing is of soft metal ptT 
and the interior is made to contain 
a supply of oil for lubricating. As 
indicated in the detailed drawing, two 
small braas washers rest loosely oh the 


..J I 

—5 


N 


,0) I 













Soft Metal 

shaft, tho low(‘r por- ; 
tions flipping . into 
the oil. These wash¬ 
ers are carrictl round 
l)y the shaft during 
its rotJition, and 
form an efficient 
lubricator. A small 
screw, at T, enables 
the lubricating oil 
to be drawn off 
when necessary. 

Example. Draw 
the three views of 
the motor bearing 
(Fig. 143). Scale, 
full size. In pro¬ 
jecting the three 
views shown, make L 
any corrections that 
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Crank shaft bearing. Dcitiiils of the crank shaft bearing of the horizontal engine (Fig. 172) are shown 


in Fig. 144. 


Examplf. Draw the two views. Also 
draw an ^nd view in the direction indicated 
by tlie arrow. Tire distance from the centre of 
the bearinir to the base is 1).',". 



Via. IM. -Oiwk Sbafr Smni^ ' 
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Footstep. When a shaft is vertical, what is called a footstep hearing is used. One form of such a 
bearing is shown in Fig. 145, and cunsist.s of a cast-iron block, B, into which a bi'ass bu.sh, h, is fitted, 

, The middle jiortion is 

usually reec.s.sed, as 
shown,, and the bush 
and the block are in 
contact for a short 
distance only at each 
end. In this manner 
it is iH>.ces.sary to 
machine the block 
and the bu.sh to fit 
only through two 
short distances at 
each end inste.a<l of 
through the. whole 
length. The shaft 
rests upon a .steel 


■4|’- -i--- 

I 
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PlO. 145.—Footutop Bcaiing. 
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washer, S. This washer may ])c replaced readily whcu worn. The rotation of the washer is prevented by 
mean-s of a small steel jiin of A" diameter. 

The bush, as indicated at C, is hollowed out to receive and to retain the oil n.scd for lubrication. The 
block, B, and the base plate, P, on which it lests, arc both 2 )rovided with chi])])ing strips, and the elongated 
holes allow fur adjustment. When the adjustment has been made, wooden blocks are inserted between the 
cuds ol the, bloc.k and betw(*en the projections on the base plate. The perspective view is only inserted 
to show the relations of the parts B, C, and P. 

Example. Draw and comj)lete the two views of a footstep bearing (Fig. 145). Also draw an 
end view. Scale (>" to 1' Make any necessary corrections in the plan. 

Boll bearings. In ball bearings a number of hard and acc.uratcly forme<l steel balls are made to run 
in suitable channels. The radius of the sc'ction of such a channel is about two-thirds the diameter of the ball. 
Such bearings can carry comparatively heavy loads, and the friction is much less than in the forms of 
bearings already describeil. The wear o( the balls and the friction is very small. One form of such a 
bearing is shown in Fig. IKi.' 

Example. Draw the two views of the ball bearing (Fig. 140). Scale 6" to l'. 


EXERCISES. VII. 

1. Sketch the brasses for a bearing, and show how they arc prevented from turning in the pedestal. [B.E.] 

2. Sketch one form of hanger suitable for supporting mill shafting. [B.E.] 

3. A length of shafting is to bo carried through a_brick wall. .Sketch a suitable wall box for the pur¬ 
pose of sujjporting the shaft. AVliat is the objcc', in using chipping or facing strips? 

4. Make a sketch of a sim]jle form of bearing for supporting shafting. Show how the brass bush is 
prevented from turning. Describe .some form of automatic lubricator which will give a regular supply of 
oil to the bearing. Explain its action and point out any special advantage which it may possess. 

Mlopkiiihon, “ Kloctric Lighl^g Woiks,” /Voc. hist. MtcU. Ewhi ‘Fuly J804. 



Fn». 140.-- J5<iU It^'ivring. 

5. Sketch and give a descriptinn of a bearing suitable for a abaft working under water. State one or 
two cases in which such a bearing would be used. 

6. Sketch two views of a swivel bearing, and state any, advantage of this bearing. 
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7. Skelx!!! iind explain tlic constrnction of any 
for lubrication. 

8. Sketch and doseribe a form of bearing 
.suitable for the crank shaft of a lioriwmtal engine, 
complete provision being made for adjustment. 

9. Explain by the aid of .sketches a-method 
of automatically ]ubri(!ating: (i) a jx'dest.al for a 
line shaft; (ii) the end of a small eonneetiug rod ; 

(iii) a footstep bearing. 

10. Sk<‘fch a-footst(ip bearing suitable for a 
vertical sliaft. Mark on the .sketch tlie materials 
cm])loyed for tlie various ])arts. 

11. Show, by sketches, a wall bracket. Show 
how .such a bracket may be attached to the wall 
of a workshop. 

12. Tt i.s required to e.vtend a. length of .shafting 
through a brick wall and sup})ort it by means of 
the wall. With the aid of sketches describt! any 
suitable form of wall box. 

18. Show the construction of a crank shaft 
bearing, provided with means of ailjuslmcnt for 
horizontal and vertical wear. [B.E.] 

14. Details of a hanger and wall plate are 
given (Fig. 147). J)o not draw these details separately, 
fastened to a brick wall 14" thick. Scale J. 

15. Small bracket. Draw the two views shown (Fig. 


form of thrust bearing, showing how provision is made 



Fiq. 148.—Smiill Bracket. 


but in their re.spective positions when in place 
48), also draw a plan. Scale full size. 
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16. Wall box. 


Complete the two views shown (Fig. 14U). Scale 3" to 1'. fB.E.] 


WaH BOX' 



Fio, ’ —Wall Box 


23 



Pm. IfiO.—Tumlilor Braring nml Bracket. 
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18. IWustal. Draw elevation, plan, and cud view of the jx 
their respective places. Scale full .size. [B.E.] 



[chap. 

(Fig. 151), inserting the details in 
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19. Siclc-Dcdcstal. ElcvuLioii ami plan ol a sklc-peclestal 
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20. Crnnk shaft hearing. 
Two vicw.s of a crank shaft 
bearing with liorizontal and 
vertical adjustment an^ given 
in Fig. 153. Draw to a scale 
3" to 1'. 


Sectu7n.cn AA'BB^ 




Sectiaion. C.O. ! 

Fm. l.’a. —Crank Shaft wfth Hori«untftl and .Vortical ytdjustment. 
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CHAPTER Vlll. 

PIPES AND PIPE JOINTS. 

Pipes and pipe joints, '('lie Tniitcrinls ii.scd for pipes include, (-.nst iron, wrouglit iron, .steel, brass, copper, 
and lead. For coiivetiicnee in nianufaetiire and in Inuidling, a long lenglli of j)ipjng is usually conipo.sed 
of a scries of comparatively short lengths, and these separate lengths are fastened together hy various 
kinds of joints. The joint used in any case depends not only on the inatcuial hut also on the purpose 
for which the ppe is to be used. 

Ca.st-iron ])ipes are made easily and cheaply to any dc.sired form; they are made usually in lengths 
of from 8 -to. 12 feet. Two forms of joint in general use are i\w. flange-joint and the soch-et and spigot. 
Q'he flange-joint is stronger and easier connect or disconnect than the socket and spigot, hut the 
flexibility in the latter form of joint makes it suitable for pipes kid in the ground in which changes of 
level may occur owing to unequal scttlem'mt of the soil, etc. 

Wrought iron pipes are u.sed to convey gas, water, and steam. They arc obtainable from to 4" 
internal diameter; the .separate Icmgths may be fastened together by means of one of the joints shown in 
Fig. 159. 

Steel is generally u.sed for ordinary and high pre.s8ure .steam pipes, the longitudinal joint being lap- 
welded. The plates are not le.ss than and are u.sually thick with I" rivet.s. Cast steel is frequently 
u.sed for bends and elbows but copper is better and is u.sed in marine and in the best work. 'Ihe flanges for 
copper pipes usually consist of hard bra.ss and are brazed to the pipe. 

Fig. 156 shows an‘ordinary form of flange-joint. The ends of the pipes are usually machined in a lathe, 
and for this purpo.se a f(U%ng, as shown, may be pi-ovidcd. This facing is u.sually about to in thickness 
and about wide.’ The joint is made by in.serting a ring of india-rubber, millboard, or brown paper 
smeared with red lead, the flanges being forced together finally by means of bolts or .stiuhs. In the former 
case a portion of the bolt close to the bolt head is made* square and is made to fit a corresponding 
c,M.c. • r 
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hole in the somewhat loosely, the object being to prevent the rotation 

of screwing, or unscrewing, the nuts. 


of the bolt during the 


I 



Example.. 

Example, 
end view. 


Draw full siz(! the sc. tional elevation and end view of a llange-joiut (Fig. 156). 

Draw full size the si-ctioual ele.vation of the pipe joint (Fig. 157). Also draw an 
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Wrought-iron pipes. In wronglit-iron pipc.s of comparatively small size tlic joint may be made by 
screwing what is called a sliown at C (Fig. If)!)), on tin', end of one ]»ipe A and screwing the 

other into it. In some eases it is iniportanl that the surface of tin', pipe shall be IVe.e from projections, 
and a N (Kig. 159) may be used. 'I’lie ends of the ])ipes are .screwed on to the nipjilc until they 

meet at the centre. The objection to this form of joint is that when the pipe is used to convey water or 



other fluid the ])roj(!eting surfae.c^ of the nip])lc may cause a partial stoppage. For pipes of larger size a 
cast-iron flange may be riveted on to the end of each pipe. 

Union joint. A muon, joint is a very useful and handy joint for steam or other pi[)e8 of comparatively 
small size, .since it is easily connee.ted or di.sconnected and makes a steam-tight joint. 

The two parts, A and B, (Fig. 1 GO) arc screwed to the end of the pipes; the part A is coned and 
ground to fit accurately a corre.si)ondiug imdiped surface on B. A hollow hexagonal nut N is slipped ov^i ' 
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the part A and fits an external screw on B. Tlic two cone surfaces may bo drawn tightly together by 
rotating the nut N, thus forming a steam or water-tight joint. 

Emmitle. Draw full size the two views of the union joint (Fig. 160). Also draw a 2 )lan. 

Lead pipes. The joints tised in lead pipes are generally cither a vijn-d joint (Fig. 161) or a bhmm joint (Fig. 162). 
In the wiped joint the end of one pipe is o}>ened, or tamped out,, and the end of the other rasped to a sharp edge. 




Fio. 161.—“Wiped Joint” for Lead Fipew. 


Flo. 102.—“Blown Joint” for Lead Pipes. 


The pipes are fitted together and the two ends shotted, bright for a distance of about 1^ in. Molten solder is poured 
on the joint and the joint wiped with a piece of greased cloth ; the solder adheres to the bright surface and forms 
a sharp line round the pipe. The arrow denotes the direction of the flow. 

In a blown joint tlie end of one pipe is enlarged to receive the end of the other and the joint is made 
by using a blow-pipe.. 

Hydraulic pipe joint. The joints already described would be entirely useless for the pipes conveying 
water at high pressure necessary in hydraulic work. Thus, fof general hydraulic purposes, the pressure of 
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tlio water may 1)0, 700 lbs. per s(pii‘ii'C iiie-b ami in the case, of machine tools may reach 1500 lbs. per 
s(p in. One form of joint which is .siiita])lc for cast-iron pipes is shown in l*'ig. 1(53. 



At the end of eaeli 2 >il>e there, is a strong elli 2 )tieal ilangc with two bolt holes. One pipe enters the other 
j for a short distance, forming a dove-tailed recess, and the joint is made by a gutta-j)ereha ring diameter. 

Kscnm2>h’. Oraw the sectional clc\ation and end view of the hydraulic injie joint (Fig. 163). 
Scale Q/' to l'. Also draw' a jdan. 

'I'hc ])re.ceding arrangement is moilitied in tlie ease of wrought iron or steel tubes which arc used to 
sii[jply water to machine tools. 'I'Jie ends of the 2 )i})v;s arc sr-’ewed to a gas thread and ellij)tical cast-iron 
~liaugcs are screwed on. , 
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Example. Draw tlie two views of tlic hydraulic pipe joint (Fig. 164). Also draw a pi 
6" to 1'. 


Hydraulic join! for wrought iron pipes. 
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Fig. 165 sliows a sectional elevation of a steel steam pijK joint. The ends of the pijK‘S arc screwed to 
a {j[as thread and two collars BB arc screwed on aiul afterwards brazed. Ihc joint is made by a 




li-- 


Copper ring 
- i" thick 


cop})cr I'ing pressed tightly against the collars by means 
of bolts passing through two loosely fitting wrought- 
iron collars CC. 

Example. T)iaw a si',c,tional eh'vatiou and end 
view of the pi])o joint (Fig- 105). Seale 4" to l^ 

Tank joint. Two forms of joint suitable for a tank 
are .shown (Fig. IGG) at A, the space between the 


5i 5" 


- ■-tH.j ML- 


C p B C 




Fio. 105.—Hydraulic PijH) Joint (Stoul PijtcK). 


Fiq. J66. 
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two flanges is filled with iron borings mixed with S)d ammonia and rammed tightly into the joint. This arrange¬ 
ment is called a i~ust joitd. At B the joint is made by using a strip of a.sbestos or millboard. Flanges are 
sometimes stiffened by ribs or gussets, as sliown in Fig. 106. Thickness I'lt, where t i.« thickuc.ss of pipe in inches. 

Expansion joints. M<ital j)i])es e.xjjand an<l contract with variations in t(‘mpcmtur(',. Thus, steam pipes 
are found to alter in length about 1 inch in 50 feet., the range of leuiperatun', being about 140" C. Various 
forms of .expansion joints are used to allow for this movement. 

As indicated in Fig. 107, a brass liner may be fitted to one end of one iiipe and the pipes be made to 
slide ea-sily in a foini of stiithng box. 

Leakage at the joint is ])revented by 
])acking inserted in the .space P. This 
pae.king is forced against the. sliding sur¬ 
faces by means of the bolts shown. 

The stuffing box would be of sini])ler 
form for pipes of comparatively small size, 
and a brass liner would not be used. 

Exnvqiir. Draw tlu; si'ctional 
elevation of an expansion joint. Fig. 107. 

Also draw an end view. Scale h.df size. 

Strength of cylinders. In ])ii)es and 
cylinders in which the thicknc.ss of the 
metal is compai-ativcly small, as in the 
shell of a steam boilei', the relation made 
use of is p X d = 2f X t, where p denotes 
the internal pressure in lbs. per sq. iu., 
d. the diameter of the cylinder in inches, 
f the tensile strength of the material in 
pounds per square inch, and t the thick¬ 
ness in inches. The •preceding formula is 
not applicable in the case of the cylinders employed for hydraulic pressures and usually called thick cylinders. 

If R is the external and r the internal radius of such^a cylinder, p the internal pressure, and f the 
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safe workiiijf stress of (lie iiiaterial = 2700 lbs. per sep in. for cast iron, tlieii R and r arc (connected by the 

relation /f+n 

R = r./. 

-nrltiirt ikj D /xtii 1 vi-» (Ml 1i<ii ] o 1 i w 1 T D 


when r is known, R unu he eul<‘ulat(Ml. ' ' P 

111 a liydraulie aceuniulator r is I j". 'J'lic internal pressure is 1000 lli.s. per sip in. 

, / 2700+100 0 ,, 

W 2700-1000 

Ilenec, the thicknc.ss of metal is 7 —4'75 = 2|". 





Vlii. 1(18.—Pipr .loiiil. 
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1. Union niit and joint for eonni'cting two lengths of .small piping, Fig. 168. Draw an end view and 
a plan. [B.E.] 

2. With the aid of .sketches, describe how i,o make a .steam-tight joint between two flanges. Explain 
in what eireumstauees studs are used instead of bolts. | B.E.j 






VIII.] 


PIPES AND PIPE JOINTS 


139 


3. Show, sketone.s, tho methods of cuiistructiiiff the eiid.s of wrought iron or steel pipes to facilitate 
their coiuiecition. [B.E.] 

4. Describe with a sketch how the joints iu hydraulic pipes are made to resist, without leakage, the 
high pressures used. 

5. Show,bysketches,two 
inetliods of joining wrought- 
iron and ea.st-iron j»ipes. 

G. Show, by sketches, 
the construetion of a socket 
joint .suitable for connecting 
lengths of piping. 

7. Name the, principal 

materials of which pipes such 
as are usually cunployed by 
engineers are made. 

8. Ilydiaulic pipe joint, 

Fig. iG9. Draw full size, also 
draw a plan. Explain how 
the joint is made water-tight. 

How are the. bolts prevented 
from turning in the bolt 

holes? [B.E.'J 

9. Find the thickness 

of the ,steel shell plates of 

a steam boiler; diam., 7 ft. 

6 in., prc.ssure, 125 lbs. per 

S'j. in. ; tensile .strength of matei’ial, 30 tons ])er s(j. in. ; factor of .safety, 5 ; eflicieney of joint, 70 per cent. 

10. A cast-iron'pipe is jointed by imsins of flanges 10 in. diameter, I in. thick. The pipe is 4 iu. 

internal diameter and is f in. thick. Each joint has live ^ in. bolts joining the two flanges. Draw section 
and an end view of the joint. Beale ^ 
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11. Clive 1111(1 a (lesciiption of .some mctLoil of providing for tlic exjHiiisiou and contraction 

oi a long length of steam pipe.. [B.E. ] 

I'J. With the aid of .sketehe.s, describe how to inahe a .steam-tight joint between two flanges. What 
arc the conditions n.scd to determine the mo.st suitable diameter and number of bolts to use '? 



13. Give sketchc.s showing two ways of constructing pipes from rolled steel jdates so tliat two lengths 
may be readily connected with a water-tight joint. 

14. Draw the sectional elevation of the hydraulic pivot joint in Fig. 170. Scale full size. Draw also 
an end view. M shows the plug and retaining nut half in section, and N is a cup-leather. [B.E.] 

15. Fig. 171 shows a form of union joint suitable for hydraulic piping. Draw two views of the joint. 
Scale full size. Also draw a plan projected from A. [B.E.] , 









Cn AFTER, IX. 


EN(iINK DETAILS. TIKTOMS. 

Engine details. In con.sidoTitiK tlio details of an (nigiuo, it, is important to know the, relation of any 
single de.tail to the whole. t.hic of the. siin]»lest forms of (‘Ugine is a horizontal or <lir<'e,t-ae,tiug engine. 
In Eig. 17li it will he seen that the piston rod i.s fa.stened at one, end to the pisteai and at the other to 
the cros.shead, the connection hetweem the cro.s.shead and the eivink is made hy nieau.s of a connecting 
rod. 

The pre.Hsiire of the steam acting on alternate sides of the ])iston give.s a to and fro motion to the 
piston in the cylinder, and this rectilinear motion causes rotation of the crank and the crank-shaft, to 
which it is fastened. 

The piston rod, eonuce.ting rod, and crank, arc all in one line wlnm the pi.ston is in its extreme 
position to the right, or to tlie. left; these, jmsitions or points are known as <h’<id pomts and occur twice 
in each revolution of the c,raid<. Means have to he provided to cnahle, tlu‘. mexEanism to get past these 
points, and tliis is elleeteil hy means of a lly-wheel, i.<\ a wheel of c,oin))arat,ivcly large radius and with 
a heavy rim. When a fly-wliecl is not admi.ssihle, (wo c)lind('r,s art! provided ami the pistons arc connected 
to two (ranks mutually at right angles. A similar arrangeim'nt is ilsihI also in engines which have to be 
reversed, such as in locomotives, ])ortahle engines, etc. 

A most instrue.tiv(( exercise for tho.se who have not access to an engine, of the kind refiwred to is 
to make a simph' skedeton moded in wood or cardboard. 

1'he admi.s,sion oi‘ steam to one side or <iihei >f the j)iston is (dfected hy means of a slide valve. 

The distance movc(I through hy the piston from one end of the e.ylinder to the other is called the 
stroke, or the travel of the, piston. Tliis di-tanee is (jhviously Iwie:’, the. throw of the crank (the name 
given to the distama'. hctweeii the cenin's of the (rank j»in and the crank .shaft). 

The cros,shc,ad is made to move in a straight line parallel to the axis of the cylinder by means of 
suitable guides or guide bars. Tlms(! guides niay form a si^mont of a circle as in Eig. 102, or be flat aS 
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m Fig. IJIO. Only ono. huc.1i .surface i.s necessary in an engine in which the crank shaft rotates in one 
direction only. When the crank shaft rotates in both directions, as in all reversing engines, locomotives, 
etc., two surfaces, one on the upper and the other on the lower, must be provided. 



Example, ' Draw the elevation tif the horizontal engine (hi^. 172). Some of the dimensions are 
given in the diagram. Details of the connectiiu/ rod, comiecting rod ends, crosshead, crank and 
crank shaft bearing, arc given in Figs. 202, 192, 144.., 









Copper B thicli 






IX.] 


ENGINE DETAILS. PISTONS 


145 


Cylinders. The. internal surface of a, cylinder .should present a hard and .smooth .surfae*;. To ensure 
that this is the ca.se, wliat is called a liner is frequently used, e,s|)ecially in eylimhus of com])aratively large 
size. Such liners have b<‘en made of st,eel, but hard clo.se-grained e,ast iron is usually em])loyed for the 
purpo.se. AiTang(unent.s have, to be nia.de not only to secure the liner to the* cylinder, but al.so to allow 
for expan.sion. The liiuir may be. .secured to the cylinder by bolts ])a.s.sing through a flange, the heads of 
the bolts being re.ccs.sc.d into the tlang<'. The joint between the liner and the cylinder, at the end near to 

the cylinder (;over, must be kej)t steam tight and must al.so allow' for expan.sion. For such a purpose the 

arrangement adopted may be that .shown at I or at II (Fig. 173). 

In I a small .stutling box S is used, and this box when paelaal with asbestos or other suitable material 

makes a steam-tight joint. Ihe lower part of the liner is flanged and secured to the cylinder by means of 
set screws with .sipiare, head.s. 

In II a copper ring is u.scd, and this is fastened to the liner and cylinder by .s<>t .screws. 

It w'ill be noticed that the liner is made to fit the cylimhir for a comparatively short distaiiee at each 
end only, and this reduces the labour and expen.se in niae.hining. The s[)ace D between the liner and 
the cylinder varies from f" to 1^" in depth, and is usually kept filled with steam, thus acting as a 
steam jacket. 

Example. Draw the sections of the liner and the cylinder shown in Fig. 173. Scale full .size. 

Pistons. A piston is u.sually eylindrit.d in form on account of the ease, and accuracy with which a 
cylindrical cylinder can be produced l)y nieains of w'orkshop tools. As already indicated, the. ])i.ston moves 
forwards and backwards in a hollow cylinder, giving rotary motion to the craidc .shaft by means of the piston 
rod, cro.s.shcnd, connecting rod, and crank. In this to and fro motion, wdiether the driving force be steam, 
gas, oil, or water-pre.ssure, the arrangement must be such as to prevent leakage from one side of the 
piston to the other. 

In the cylinder of a steam, gas, or oil engine, the leakage may be prevented by some suitable form 
of metallic packing. 

In the cylinder of a hydraulic engine, in wdiich water under comparatively great pre.ssure is u.sed, some 
form of leather packing is necessary. The j)acking is usually made in the form of a ring, or is cup-shuiied 
iii form (Fig. 178). 

^Ramsbottom’s packing. One of the simplest forms of metallic packing, which is largely used for 
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locomotive i)istoii.s, i.s tliat known as liamshtMom'x. Tlie piston is made slightly smaller than thci hore of 

the cylinder, and two or more rectangular grejoves are cut in its rim 
I to i-eeeive metal rings of similar section, and made of brass, (iast 

iron, or st<*el. Tln^ ri?igs arc made larger than the Lore of the 

fi cylin<ler, and a small pie(!e is cut out of the periphery. The rings 
gi" <'an then be sprung into place. 

i .. .. In Fig. 17-1, two vi(!ws of a locomotive pi.ston and part of the 

"1— — ' - T|" jiistou rod are .shown; the l>oro of the cylinder is 18", the piston is 

- 1 made slightly smaller or, about 17][!" diameter, the rings arc turned 

^ diameter, and when cut tliey are sprung into position. 

!„ Example. Draw the two ^•iews of a locomotive pi.ston 

"o”’ and piston rod (Fig. 174); diann'ter of jhston 18"; diameter of 

|)istou-i-od end ll.'."; six threads ]>er iiicli. Ta])er of cotter 
1 in 1!4. Seale 8" to F. 


^ ^1" 
: pi- 




,18- i ^ 



x-ll' 

Pm 



4-2 threads per inch 




3"’gV\\ 


,dSiSb.,.. 


r -4i 


-13- 


2" Rings 2 xV 
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Fui. 175 —Locomotive Pi«ton. 
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In the l()(!Ouiol,ivc piston shown in Fig. 175, there are two cast-iron packin'? rings f" wiilc in groove.s 
apart. The end of tlie piston rod, as indicated in the detail at I, is made in the form of a steep cone, 
and tills expedient enables the piston to be removed readily when neces,sary. 

Kxdiiipic. Draw the section of the locomotive piston (Fig. I?.")). Draw also a plan and an end 
view. Scale half size. 

Steel piston. For many purposes, and especially in marine engines in which the cylinder is vertical, it 
is ncc.es.sary not only that the ^liston shall lx; of snfiicient .strength, but also that its wi'iglit shall be reduced 
as much as picssiblc. Tlncse imds are eifcctcd by making the piston of cast steel, and as this material is 

much .stronger (p. 227), the piston may b(‘ made about one-third ligliter than it made of cast iron. The 

pi.ston, as in Fig. l7t>, is made in a conical form. This .shape, not only makes it easier to cast, but also 
gives strength and rigidity to it. 

The taper of the ])iston rod in the bo.ss of the piston is usually from 1 in 3 to 1 in 4. The packing 
1 ‘ings are pre.sscd out by means of suitable springs, so that the ju'essnre against the surface of th(^ cylinder is 
from 3 to 5 lbs. per .sip in. The .split in the pi.ston ring is cut in an ohli'iuc direction, .so that the edges 
may not scoi’c or cut the surfac.e of the cylituler. Leakage at the split is prev'ented by a brass tongue 
piece, which is iLved to one mid of the ring b}' screw.s. 

' The packing rings arc held in position by a ring called a pmk ring ; this may be fa.stened to 

the pi.stou either by .stmls and nuts or by set .screws. d’he .screws or nuts ^ may be jirevented 

from slacking back by various locking arrangements. 'I’he usual method, as in Fig.s. 1/G, 1/7, is to 
use a securing or gu<trd ring, whic-h is made to boar against the Hat faces of the heiyls or nuts, and is 
fastened to the, piston by means of studs .and nuts, the latter being securijd by sjilit pins as shown. The 
usual arrangement, when .set screws or bolts are used, is to .screw the,sc into nuts or plugs ot gun^ metal 
instead of into the metal of the pi.ston. This plan avoids the danger of the bolts .rusting and becoming set 
fa.st in place. The plugs, moreover, can be renewed easily when defective. 

The bolt heads are sometimes sunk into the, ring instead of standing above it. Instead of using a 
securing ring the “ sla'ckiug-back ” of the nuts may be prevented by insing a split pin. 

Tlie nut at the end of .the piston rod is secured by mcnn.s of a locking plate, as in Fig. 177, secured 
by three or more small studs, the nuts being fixed by split pins. 





















150 






















































ENGINE DETAILS. 


ix.] ‘ 

Hydraulic piston. Wlicn water under pressure is used in 
tlie cylinder of an engine, the fonii of tlic j)iston is different 
from the preceding examples. (,)nc, form is shown in Fig. 178. 
In this ease the cylinder and piston ai-e of brass, and the 
end of the steel piston rod in contact with the ]jiston is 
made in a spherical form, for since the I'od is throughout 
th(j stroke in a sUitc of compre.ssion, it is not neces.sary to 
fasten the rod and piston together. Tlie water-tight pae.king 
is funii.shed by a h.al h'lUln-r as shown. 'I’liis leather is held 
in place by a washer and nut, while a small .split pin prevents 
the slacking back of the nut. 

In this fonn of hydraulic piston for what is known as a 
Kun/hi-ftftmf/ engine, the water ])re.s.snre otdy acts on one siih' 
of the piston. The arrangement of the tliree ])istons in an 
engine of this type is shown in Fig. 182. 

A double leather ])acking is us(‘,d when the water pi-isssiire 
ae.ts alternately on each .sid(; of the pi.stou. One form ol' 
piston adopted is shown in Fig. 181. 

Example. Draw full size the three views of a 
single-acting hydraulic piston and cylinder (Fig. 178). 

Water-pump bucket. Fig. 179 shows a piston or pimp) 
bucket with a hat-leather arrangement for preventing leakage. 
The water pressure acts alternatxdy on each side of the 
flexible leather and is found to make a good joint for any 
pressure. 

Example. ' Draw the tw'o view's of the hat-leather 
arrangement shown in Fig. 179 also draw an end view. 
Seale 6" to 1'. 
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Fin. 179.—WaUir-pnmp Bucket. 
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EXKIJCISES. IX. 



1. Ex])l;iin liow ])ist(>ii rinu;s arc mail**, .so lliat tlic piston may work stoani-ti^lit, in tlic cylindm’. Ilow 
are the.se ring's put into place I 

2. Explain, by means of a .sketeli, the manner in which a |)i.ston rod i.s made to mov(‘. so that the axis 
of the rod (ioincides with the axis of the cylinder. 

3. Show, liy .sketches, the eonstmction of a hydraulic ))istnn sintable for ln”ii prcssnre.s. [B.E.] 

4. Sketch and ('xplain how a ram is made to work watt'r-tiji'lit in the cylinder ei>ver of a hydi’aulic 
{)rcss. 


5. Skcte.li and (h'se.rihe one form of piston suitable for a steam entwine and one suitable for a 11)^11^1110 
entrinc. State the rea,son.s for the difference in construction in tlie two eases, and also slate in each case 
tlic materials u.sed iu the construction ol the piston. 


G. (-live .sketches showing two or more nn thods of fa.stening the jiiston rod to the piston of an engine. 

7. State the essential points to be .secured in the design of a piston for a steam engine. Illustrate 
your answer by sketching any good form of piston. 

8. Explain the advantages of providing a .separate jiieee for the liner of a steam-cylinder. With the 
aid of .sketches describe how the liner i.s lit,toil at each cml of the cylinder. 

9. Fig. 180 .shows, the piston with connecting rod end for a gas engine. Draw half .si/i‘ three, views in 
which the parts are ])roperly connected together, (i) A side chivat on in which the. upper half is to .show a 
section taken through the axis of the cylinder, and lower half an outside view of the 2 )i.ston. (ii) A sectional 
plan taken through the axis of the iiiston. (iii) An end elevation looking into the o 2 )en end of the piston. 
LB.E.] 
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10. Tlu! (liiircmin (Fig. 181) sliows a piston an<l plunger for hydraulic- pressure. Draw the parts conneeted 
together, the, e.oveis to he. .secured hy .studs and nuts. Draw a sectional elevation, also a view of the end, 
lT the right ludf with the cover removed, and the left half with the cover in pl.-ua*. Seale half size. [B.E.] 
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11. Draw the two view.s shown of the three-cylinder Hydraulic Engine (Fig. 18‘2). The water pressure 
is 700 lbs. per sq. in. Find the size of the two bolts for the cover, and show the bolts in both views. 
Scale half size. [B.E.] 



Fill. 1R2.—Three (Cylinder Hydro^lio Fngine. 










CHAPTER X. 


STUFFING BOXES AND GLANDS 

Gland and stuffing box. The ])i.st.()n rod of a steain, gas, f)r other engine mu.st slide freely through 
the cylinder cove.r of the, ejigine, and then' nm.st la; no Icalnige pa.st the ro(l during its to and fro motion. 
Such leakage! is preevenlcd hy using a stuff},ii;/ hox, wliich (tonsists of a hollow cylindrical box in which 
asbestos or other suitahle, material is ])lnc(!d. The stuliing box also ac.ts as a guide for tlu*, rod, en.suring 

that the axis f)f the rod always coincid(!s with the axis of the cyliiuler. The fi’iction between the rod 

and the stuffing box is l(‘,ssen(‘d by using a suitable alloy for the rubbing surfaces. 

Fig. J8.‘i .shows a simple form of stidling box, which consists of a cylindrical box, S, on tiie outside of which 
a .s(!rew thread is formed ; a gland, G, is made to lit the box and can lie forced ilownwards by means of 

a hexagonal nut, N. The lower ])art of the stuffing box is bored to fit the rod. Asbestos or other suitable 

packing in.serted in the spa(!e P is compressed and forced tightly against the rod by rotating the nut N. 

Krumple. Draw the two views of the stuffing box and gland (Fig. 183). Draw ul.so an end 
view. Scale full .size. 

In the form just described, all tlu! parts—the box, gland, etc.—are of brass, and this is usually the 
ea.se when it is of (sunjiaratively small size. Tn larger sizes, the box and gland arc made of cast iron and 
the rubbing surfa(!es arc! ])rovided by brass bushes in.serted in the gland and in thc! lower part of the 
stuffing box. 

In Fig. 184 a gland and .stuffing box for a vertical engine are shown. Thc stuffing box S and gland G 
are of cast iron ; a brass bush which tightly fits thc gland and another bush inserted at the bottom of the 
stuffing box, form the rubbing surfaee.s. 

A steam-tight joint, is obtained by suitable paetking plac(!d in thc sjjace P and forced against the sides 
of thc piston rod by means of the three .studs show'u. 

Exam^>Je. Draw to a scale C" to 1' thc two view's shown of a stuffing box and gland, also 
draw an end view*. 
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Example. In Fig. 185 two views of a stuffing box, 
gl.-uid, iiiul cylinder cover arc sliow'ti. Draw to a sc^ale, 4'' to 
1'. Also atld an <!n(l view. 

Packing. 'J’he niat(‘rial used for packing depends not only on 
tie' prcssiin' of tii<^ fluid but also oii its teni])erature. Hemp or 
.some form of iiKlia-i'nlibcr packing is used for eoni])aratively moderate 
steam or wat(U' pressure; but siic.b packing is not suitable for steam 
of bigh ])re.ssure, and cou-sequodi high tetnj)erature. Asbestos fibre 
lia.s been nmcb u.sed for tins purpo.se, tbougb it is found to be 
unsatisfactory when e.Kposed to heavy anti eontinu(,\vs fne.tion, such 
as in the stuHiug bo.x for a piston rod. Koimt form of metallic 
paekiiKj is found not only to work with le.ss friction but to be less 
litible id.Ho to score tlie rod tluin asbestos or other kind of packing. 
Metallic packing is made, in a variety of forms and may consist of 
a .scries of white metal rings altermiting with similar rings of gun 
metal. 'I'be rings arc made of triangular .secl ion as shown in Fig. 186, 
and as the gland is foreeil in, the white metid rings arc by the action 
of the inclintal surfaces presst'd against the surface of the rod. 

During the pro(.‘,(!.ss of screwing down the gland, a number of 
sjiiral springs—usually ene.loscd in or carried by a frame at the 
bottom of the. stuffing bo.x (as shown at S, Fig. 18G)—are com- 
pr‘ssed. In this manner the pressure upon the rod is maintained, 
duibig a slight amount of wear, by the elasticity of the springs. 

"^ho nuts on the stuffing box require to bo rotated simultaneou.sly. 
To ctfee,. til is one plan is to use nuts made in the form of toothed 
pinions, rhe.sc pinions an; all connected together by a toothed ring 
held to the face of the gland by suitable clips. The pitch circles of 
the ring and the punions are indicated by dotted circles in tho 
plan (Fig. 188). Motion is given to the ring and the pinions ^3^. 
means of a suitable 'worni rotating in bearings us indicated. 



.V. ■'•j 
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Keamplr.. Draw, lo si-alc G" to 1', tlie stuttiiig box and gland for the jnstoii rod oi a vertical engine. 



Hydraulic packing.- Ta'athcr packing—in the forms known as oip-lmther' or h<it-leather—is used. The 
packing consists of a leather wa.slier moulded into tlie form of an annular ring (l^ig- 188). Ihe 
may he placed in a rece.s8 or chamber formed in the side of the cylinder. When in action the fluid 

under pressure leaks pi.st the ram, R, into the chamber C, and acting on the inside of the joint forces 
tile leather tightly against the shies of the rum, thus cnsuryig a tight joint. Ihe tightness of the joint 
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increases with tlie increase in tiie, pressure. Some, difficulty may he e.vperione,ed in the fonu shown in lig. 
187 in placing the leatlicr in i)ositiou ; this difficulty may he avoiderl, however, by using the. form of gland 
in Fig. 188. 

Double cup-leather. In the ea.se of the piston of a hydraulic engine, there, may he great pres.sure on 
one side of the piston or on hotli .side.s. In the former ea.se, a single eujrleather, as in tlie piston of the 
Brotherhood engine, (h’ig. 18-), may l)e u,se(l, and in the latter a double cup-leather would he re(juired (Fig. 181). 


I'lXEltCISKS. X. 

1. De.serihe how a .steam-tight joint is made ladween the cylinder and tin; cylinder cover of a steam 
engine. Show how a piston rod is enabled to work .steam-tight through a eylimh'r end or cover. What 
alternative plan could he adopted when water is the ])ressurc ilui<l used instead of steam ? 

2. Sl<et(‘h in st'ction a, .stuffing ho.v and gland, with bolts or .stuils, in the construction ot which cast 
iron, wrought iron, and brass are emi)loyed. Explain why these dili'erent materials are used for the 
various jrarts. [B.E.] 

.3. Draw a .s(>ction of a simple form of stuffing box suitable for a valve rod, so made that neither 
studs nor bolts arc rciiuiri'd for tightening the gland. 

4. What is packing y Name the [)rinci|)al materials of which it is made. What kind is generally used 
in a stuffing box to prevent leakage of steam t Sketch two methods of tightening glands when the packing 
becomes worn. 

5. Show, by sketches, how cup-leather packing is used to prevent leakage of water in hydraulic 
])resses. 

G. l)»>scrihe how the lubrication is jirovidcd for in the stuffing box and the cylinder of an engine. 

7. De.serila- an arrangement for .screwing up imultaneou.sly the scveial nuts of the gland of a large 
stuffing box. I B.E.J 

8. Explain, with .sketches, one forn» of metallic gland ]>ackiug for the piston rod of a steam engine. 
State, the advantages due to the use, of metallic, packing as eunipared with other material. 

9. A stuffing box and gland are shown in Fig. 189. Draw the two views shown, and also draw an end 

view. Scale half size. fB.E.] , 










CHAPTER XT. 

diOSSHKADS AND SLIDE BAliS. 

Croashead and slides. Tlu> (..nncdion 
of a cntaslicad. Cm; form of r.ro,ssli(‘!i(l is shown in Pig. 1. • 
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The (limeiLsions and ffencral form of the crosshead and slides mayJje seen from the diagram. 

Example. Draw the details of the crosshcad an<l slide bars (Fig. 190). Seale half size. 

Guide bars. The two slides (Fig. 190) move bae.kwards and forwards, the (icntre of the crosshead 
moving in a horizontal line. 'I’liis motion is ensured by means of guide bars, a pair of which arc indicated 
iu Fig. 191. 



Fk!. 191.—liars. 


It will be notic.i'd that small rece.sscs, R, R, are made at each cud of the guide bars. The edges of the 

slides entering thc.se rece.sses during each to and fro motion of the cro.sshead prevents the formation of a 

ridge, which would otherwi.se occur owing to the wear of the .slide.s. 

Adjusemeut for wear may be made by means of distance jneces, PP, which are inserted as shown at the 

ends of the guide bars. 

» * 

Example. Draw the two views of the guide bars shown in Fig. 191. Also insert iu their propel 
po.sitions the crosshead and slides of Fig. 190. 
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, f wilipli thp ffaides for the orosshead ootisist of two arcs 

OrosBhead. Fip- 19^ «'ows Compensation for wear may he made by 

of eiiT.los, the axis beinjr eoincident with tlie axis ot tlie eylinncr. v j 

means of the two we(l<?e-slia])e(l bolts. 

half Ihc », viow* of a aroaahcaa (Fig. Ih3). Abo draw a plan. 



■Fia. 192 .—CroBRhead. 

In some eases the rod and eroashead are forged in one piece, and afterwards machined to the requisite 
size and form. Fig. 193 shows such an arrangement. 

Example. Draw, half size, the twp views of the gyosshead (Fig. 193). 
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Forged steel crosshead for marine engine. Fig. 194 shows a form of crosshcad suitable for a marine 
engine. Tlu; iul)1)ii)g surfaces are of wliitc metal, which is placed in suitable grooves and hammered in. 

ExfMuplv. J)i-aw the two views of erosshe-ad (Fig. 194). Seale half size. Also draw a plan. 



Km. im.—Forced Czr<»‘<Hhi*ad. 


Some of the nunaining forms of ei'ossheads and guide blocks used arc shown in Figs. 196-200. Thus in 
Fig. 197 adjustment for wear can be made by nic.-ins of the s(‘t screw shown ; the end of the screw is made 
to press against a steel plate. In Fig. 19 fl r.wo views of a, erossliead and slide block forced a.t, the mid of a 
piston I'od are shown. 









Aiiotlior fonu of stci-l (irosslioiul for a 
mnriru' ciiffine is shown in J'i*;. 

Kxamjtle. Draw llic three views 
of the, erosslieail (Fig. 195). S(;alc half 
size 


Fui. 19.V 
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EXERCISES. XI. 

1. Miike a sketcii .showing liow a cros.slieiid is secured to a piston rod by a cotter. 

2. Draw the two views of the piston rod end (Fig. 196), and al.so draw a plan. Seale full size. 



Pw. 198. 
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3 . Fig. 197 shows a pisf,(>n rod end and guide bloek of nn engine. Draw full size a sectional elevation, 
a {)Jan, and an end view, looking in the ilirectiou of the arrow. [B.E.J 



Fia. m. 
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4. Coiiipl.^tc the two views of the cimsheml (Fig. IhS). Also draw a plan. Scale half .siise. 



SttscrtKvs 


liffin 


’r^ • 


Fro. 198. 


5 The (lianrain (Fig. 199) .shows tw'o views of a crosshead and .slide, block forge^ at tlic eiid of a piston 
rod. iJraw Tese views lind add a. plan and a sectional elevation on the line AB. Scale full size. 
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CHAPTER Xli. 


CONNECT! N(i HOPS. 


Ooii& 6 Ctizi£f rod. I Ih*/ cotnuH‘<ti()ii l)ctA\(u*ii tlic crosi^licutl tUid. tlic crunk pin of un (Mij^inc is usnu'lly inuclc 
by wlmt is known us a coiniccl- 

in(/ r(M. The inuteriiil ustu^jlff* I 

such ayod is either mild 

wroupflit iron of {];ood <|uiflit^ j , 

The ends f)f tlic rod arc usually ; ^ ^ 3 " _J 

- ^iSL 


nderred to as the smnll end and 
the large en,d respectively. 'Jdic 
- kirmcr embraces thee c.i'osshead pin 
and the latter the crank pirn 


k-21-T- 







Flo. 201.—Cross Section of a Oonni^ctinK U<h1. 


Fio. 2<>2.—IK'tails of Connecting licKl. 


Examjde.. Draw, full size, the c.ro.ss seotiou of a locomotive connecting rod (Fig. 201). 

Example. Details of the ends of the connecting rod of the horizonPil engine (Fig. 172) are 
shown in Fig. 202. Draw full size. , 
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Ill .slow inoviiifi; ciiffino.s tlio. rod is fre<|ucnily jnado of a (aroular form in cros.s .section. In quick 
moving tmgines - locomotive.s, et<;.—tlu' rod usually c.on.sisls of a tapering bar, or a bar reetangidar in cross 
.s(‘<;tion as in f’ig. l!0t. It may be I-siiaju'd as in Kig. 201, wlii(‘li shows the ero.ss section oi a locomotive 
eonm'cting rod, the. <li,stances between the c(mti(‘s being 10 ft. 

Strap and cotter connecting rod end. In this fonn, the end of the. connce.tijig rod is made, of a 
rectangular section. A strap of mild steel, or wrought ii’on, is made, to fit this rectangular block, as in 

Fig. 2011, and this st.rap also carries tkc brasses or steps forming 
the bearing. Tht^ stra|( may be .secured by means of gibs and 
e.ott(!is. Th(“, arrangement of such a, form of connecting rod may 
be .set'll by reference to Fig. 204. 

In Fig. 204 the large and small ends of a locomotive connecting 
rod are shown. In the small end shown at I, the open, ends of the 
strap are held by means of two gibs, G, G ; these also form bearing 
surfaces for the cotter C. The. lubricator shown is forged solid 
with the ujiper jiart of the strap. The slacking back of the 
cotter is preventetl by means of two small .set .screws; and to 
prevent injury to the cotter, shallow grooves are made, as shown, 
to receive the ends of the .set screws. 

The, jircccding arrangement is modified in the large end for 
the same connecting rod shown at II (Fig. 204). The .strap is 
fixed by two W'ell-fitting bolts; the back of the cotter is made in the form of a semicircle and fits a 
corresponding reec.ss in the end of the rod. This recess is bored out to receive the cotter after the strap 

is bolted in position. The taper of the cotter is from 1 in 18 tc> f in 24, and the cotter is maile to fit 

a .shallow grooAm in the steel wedge, W. In addition to providing means of adju.stment, the .steel wedge, 
W, .simplifies the fitting of the brasses. 

As in the, .small end, the lubricator is lorgc.I .solid with the njipcr part of the .strap. The slacking 

back (.)f the cotter is ]»reve,uted by mcan.s of small set screws as shown. 

Exaviplc. Draw the sectional elevation and plan of the cuds of a locomotive connecting rod 
(Fig. 204). Scale Also draw, to a .scale of full .sij?c, a sectional elevation and plan, showing the 
rod and ends. The complete <listaucc between the centres is 0' G". 



Fio. m 
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liooomotive C'oimi‘Olii\j{ Rod. 
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Box-end Iti ilic i)reoc<liii'«r form of coiuicctins rwl cud, there is the liability that the Iwlts or cotter 
may sluckeu back. To avoid this, the end of the i'od carrying the brasses may be forged m one eoutmuous 



+ 1.0 om.Tii.oiino' rod The form thus obbiincd is known as the box-end. In this form (Fig. 205), 
rscmL t-assos are n.achined on the outside to fit the end of the rod and on 

the inside to fit^he (uaiik or crosshead i)iu. Rotation of the B, wdl force the brasses together, or 

release them by means of the inclim-d surface of the wedge, W. The Imlt is secured by a locking plate, 

P, and a split pin. 
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Adjustment for wear. 'I’o adjust for wear the split piu and plate must bo removed, and the w'edge 
drawn up by means of a spanner. 'I'hese are replaced when the adjustment is effected. 

Examjthi. Draw, full size, the two views of a connecting rod (Fig. 20.'j). Also draw an end view. 
Instead of the preceding arrangement, a modified type of “ marine ” end may be used. This i.s shown in 



Fig, 206. The rod^end is forged with a solid strap end and the bra-sses are secured by two bolts; these bolts 
which pass through the rod end and cap not only serve to secure the brasses, but also permit of adjustment. 

Example. Draw, full size, the two views of a connecting rod end (Fig. 206). Also draw a plan, 

n • 


0 . 11 , 0 .. 
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Marine form. In what i.s called the- marine form, shown in Figs. 208, 209 210, the cud of the rod 
is forged to a Hat plate and a cap is made of the same shape, material, and thickness. 



Kiu. 208.—Connecting Rod Knd. 
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1 1 fli fho iTttTik 1)111 and iimcliiucd aloiis' the surfaeoa in contact with the 

““ °Tl,c» rtt Zti,.s l.y n.»u» ..f »n„g.. ou. of wl,i„l, i» ohowu i., Kg. 208. 



Fill. C*f)9.—Honnsoting Kod Knd. 


Sit The^weight of tlic\ra,s.ae,s ia reduced hy .liollowing out the niatcrud as at b. b Fig 208h 

Example. Draw, \ size, the sectional elevations and plans of the large and small ends <| 
connecting rod (Figs. 208, 209, 210). ' 
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EXERCISES. XII. 

1. Sketch two oi three methods ])y whicli u cotter may be jn-eveiited from .slacking back. 

2. l)i.stinguisli be.twccn a key and a col,ter. Draw an cxamjile of each, stating tlie purpose for 
which it is employed. Also .state the amount of taper 
in each case. What is meant by the “draw of a 
cotter ” ? 

3. Explain the advantage due to the use of a gib. 

Show by sketches the use of a cotter and a gib, also a 
cotter without a gib. 

4. Show, l)y sketches, two forms of connecting rod 
ends. Explain how adjustment is made for the wear of 
the brasses. 

5. Explain how the exact length of a connecting 
rod may be maintained, whilst adjustment is made for 
the wear of the lirasse.s. 

G. Show, by sketches, the const,ruction of a coupling 
rod end suitable for a locomotive. 

7. Show, by sketches, a connecting rod end suitable 
for (i) a marine engine, (ii) a locomotive engine. 

8. Sketch a connecting rod end with strap, gib, and 
cotter. Explain the use of the gib. 

9. Fig. 211 shows one end of a coupling rod for a locomotive. Draw, full size, the two views shown; 
also draw an end view. [B.E.] 

10. Two views of a simple form of “box-end” arc given in Fig. 212. Draw half size and add an end 

view. • 











r 

--J?.. 


12. A valve rod 
end for a ' marine 
engine is shown in 
Fig. 214. Draw half 
size. [B.E.] 
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CEANKS AND ECCENTRICS. 

Cranks. Tim forward and backward motion of the piston of an engine is converted usually into the 
circular motion of tln^ crank .shaft by means of some form of crank, 'The material used lor such a crank 
may be cast iron, mild steel, or wrought iron. Of these the two named lust are in most general use. 



Fig. 215 shows a simple form of crank suitable for a small gas engine. The arrangement allows a bearing 
to be formed on each side of the crank pin. 

Examjih. Draw the twt) views, h*lf size, of the crank (Fig. 215). Also draw a plan. 
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In Fig. 21() two vicw,s of a crank shaft suital)lc for a portobhi engine, etc,., are shown. Tlie cranks and 
crank j)in are formed Ity bending tlie crank sliaft. 'rhi.s plan, like that in the pre(!eding <;ase, allows a bearing 
to be formed on each side of the craidc pin. 

lixumple. Draw, half size, the Iwo vi(;ws of tin' crank .shaft (Fig. 21(!). Also draw a plan. 



Cranks of larger .size usually consi.st of forgings which arc fasteiu'-d to the crank shaft. Two methods 
of fastening commonly used for the purpose aie known as fimintj tind .shnukhu/. In the first named, the 
hole, in the crank its bored slightly smaller than the (nun'k sltaft, the key-way's are cut both in the shaft 
and the crank, and the crank is then forced to its place by hydraulic pressure. The crank pin is fastened 
to the crank in a similar manner. 

Eotmnplc. Draw, •?, full size, the two views of the overhung crank (Fig. 217). Draw a sectional 
plan along the line AB. 
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In the se(!on(5 method, advantage is taken of the expa nsion that metals undergo when heated. Thus, if, as 
before, the hole is made slightly smaller than the shaft, then, when Imated, the crank eaii be passed to its 
pla(je, care being taken to kee-i) the key-ways in line durinj,? the process of cooling. In this manner the crank 

sli aft is grip))ed firmly by the crank, and finally 


a '.key is fitted carefully and driven tightly into 
placic. 

I The crank pin may be fastened in like manner, 
and, in addition, it may be riveted over as shown 
in Fug. 217. 

A better method than that of riveting is to 
increa^se the length of the part of the pin which fits 
the hode in the crank, and to make this part long 
enough ^to rcc-eive a thin nut, as at II Fig. 217. 
Insttiad 3of the preceding plan, the hole in the crank 
may be Imade taper and the crank pin secured by a 
cotter, a s in Fig. 218. 

I Example. Draw, \ full size, the two views 
of ijthc crank (Fig. 218). Distance from centre of 
cralik shaft to centre of crank pin 1G". * 

In the overhung cranks referred to, it will be 
eviilent that ei considerable part of the weight of 
the crank is on one side of the centre of the crank; 
hence unbalanced .forc.es may be introduced—especially 
in the cas(! of largas cranks. These forces, which may 
be negligible in s/ow moving engines, are of impor- . 
tance in those moving at a comparatively high rate of speed, and give I rise to injurious vibrations. To 
avoid these disturbances, various plans of balancing are adopted. One mrthod is to prolong the crank weh 
beyond the crank shaft. / 

Another plan is to place a weight between two arms of a wheel to 'which the crank is attached, such asj; 
the balance weight between two arms of the driving wheel. of a locoinjotive. Another form consists pf ti f 
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cast-iron ctisc, in wLicli a weight, W, c-an l»e placed along the line joining the centres of the crank pin and ^ 
the crank shaft produced. Two views of such an arrangement are shown in Fig. 219. The crank shaft is 



.of mild steel, 3^" diameter, the hole bored out to a slight taper, and the disc is then forced on to tlie shaft 
with considerable pressure, and further secured by a sunk key. I'he crank pin is made a tight fit in the 
disc, and secured bj^ a taper pin, diameter. 

Example. Draw, to a scale of 4" to l', the two views of a disc crank (Fig. 219). Draw also 
a plan. 
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Two methods adopted for luhrieatiiig a crank ])in are shown at I and 11 (Fig. 220). At I a hole i.s bored 
in the direction of th<! length of the pin and outwards, as shown, to the . bearing surface. At II the oil 



Fmi. 22<>.—Lubrioatin^ Crank Pin. 


is fonsed along the pipe .shown, and jm.s.ses Ihrough the, two holes indicate<l; escape along the axis of the 
crunk pin is jjrcveuted by the two small pistons depicted at P, P, in the diagi'am. 

Built-up crank shafts. Built-ujj crank shaft,s a.c generally used for the comparatively large shafts in 
the mercantile marine. The two webs—or crank arms—crank pin, and th<! two parts of the crank shaft, 
are made separately and afterwards fastened together. The material may be fluid compres.sed steel forged 
by hydraulic prcs.ses. The holes in the webs are punched and afterwards forged on mandrils. The process 
of fastening the parts together is briefly as follows. One of the webs,.A or B, (Fig. 221) is shrunk on to' 
the crank shaft, care being taken to keep the key-ways in- line; > after (;ooling, a key is fitted and driven 
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tightly into place; instead of a key, a hole for a pin may he drilled and then the pin is driven tightly 
into place. 

The remaining web is secured in like manner. The two holes ibr the {;rank jiin arc next })ut together 
and heated, and whilst hoc the crank .pin is in.serted. 



Example. Draw, half size, the two views of a built-up crank shaft (Fig. 221). 

Example. Draw, ^ full size, the two views of one of the crank shafts for the City of Rome, 
also draw a plan (Fig. 222). 
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Eccentric. When a crank is used, the crank .shaft must be divided to enable the eonnecting rod— 
one end of wliich is fastened to the crank pin—to pass the (sentre of the crank shaft. Tliis expedient is 
unneces.sary when an eccentric—whic.h may la; de.seribcd a,s a particular form of crank in which the crank 
pin is made large enough to include the crank shaft—is use<l. 

’ Thus, let A (Fig. 223) denote the c.(‘ntre ol' the crank pin, and B the centre of the e.rank shaft. With 
A as centre and a radius large. (*uough to include the crank .shaft, draw a circle. Such a circle will 

correspond to what is called the shcdve of <in eccentric. This (ircle W'hen 
eiKirclcd by a suitable .strajj may be made to give a reciprocating motion to a 
valve or otlier reciproc.ating picc.e. 

The .sheave may be iua.de, either in one or in two parts. In the former 
case it niu.st be passed over the end of a shaft; and this, owing to pro¬ 
jections, may be difficult or iinpo.ssible. In such cases the sheave is made in 
two parts and fastened together by bolts or .studs. 

The sheave is fastened temporarily in position on the .shaft by means 
of one or more set screws. Afterwards, when its position is a.scertained 
definitely, it is keyed fa.st to the crank shaft. 

The ec.ceni,ric, unlike the crank, cannot be used for the conversion of 
reciprocating into circular motion ; but it is of great utility in the conversion 
of circular into reciprocating motion. A familiar example is furni.shed by the 
conversion of the circular motion of the eccentric into the reciprocating motion 
of the slide valve. The materials used are generally as follows. When the 
eccentric is of comparatively small size, the sheave and strap may be made of brass. In the larger sizes 
the material used is cast iron or steel, and friction is reduced by using a brass liner. 

A common form of eccentric is shown in Fig. 224. The sheave and strap are made of cast iron and a 
brass liner is used. The sheave is made in two parts, fastened together by means of two cotter bolts. 
The halves of the strap are, connected by bolts and the unscrewing of the nuts is prevented by lock 
nuts. In addition, small split pins are in.kwted near the end of eac,h bolt. ‘ 

' Distance pieces, P, P, are. provided for adjastment. These nmy be made of hard wood, leather,, 
gun-metal, etc., and the adjustment is made by reducing their thickness. 
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EXERCISES. XIII. 

1. For what [lurposc are craiikH u.scd ? indicate hy sketches t wo forms of crank snitalile fur a steam 
engine. 

2. State the process by wiiicli a wi'ouglit-iroii i‘,rank is fastened to tlie crank shaft; also explain how 
tlie crank pin is fastened to the crank. 

3. Explain, Ity skeUhes, tlie chief diherence between a crank and an eccentric. Wliat is the throw of 
an eccentric ? . 

4. Show, by sketches, a wrought-iron overhung crank and a di.se crank. What advantages are obtained 
by using the latter ? 

5. By mcaits of a .sketch and a de.scription, show how the two parts of an eccentric sheave arc joined 
together when the sheave cannot be passed over the end of the shaft. 

6. Sketch in section the construction of an eccentric sheave, strap, and rod, the sheave being niaile in 
two jiarts. Show how the .sheave is fixed to the shaft and ex[)lain why each portion of the eccentric is 
made separately from the rest. 

7. When the eccentric strap shown in Fig. 227 becomes loose by wear, how is it adjusted ? What 

is the travel of the slide valve, the spindle of which is couuectcd directly to the end of the eccentric 
rod ? [B.E.] 

8. With the aid of .sketches, de.scribe how you would fix the portions of the eccentric strap (Fig. 224) 
in a lathe for the purpose of turning the interior surface. Also jxiint out where the eccentric and strap 
will wear most rapidly and dc.scribe how it may be refitted vfiicn worn. 

C.M.C. N 
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8a. Druw, \ size, the sectional 
elevation and plan of an eccentric 
(Fig. 2*24). Also draw an end view. 


!). Fig. 225 sliow.s a locomotive 
crank shaft. l)o not draw the parts 
separated from one another as in 
the diagram, but draw one end 
of the shaft with the crank arm 
and the eccentric sheave in place. 
Scale half size. [B.E.] 



Via. 224. —Eooontrio. 
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10. Eeccntric for a .steam oiiffinc. Tlic diajfraui (Kig. 2‘2G) .sliow.s the two portion.s of the slieave and 
the strap diseonnocted froyi one. anotliei-. Dniw tln^ parts fitted together and also insert the strap end of 
tlie eccentric rod. Scale [B.E. j 



Fio. 227.—Details of an Eccentric. 


11. Eccentric. The diagram (Fig. 227) shows the various portions of an eccentric. Draw a sectional 
elevation and plan of the parts fitted together. Scale half siz*:. [B.E.] 
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VAI.VI«. SLIDE VALVE. SAFETY VALVE. 

Valves. I'lui ol)jcct of h v.-ilvn is usually tx) open or close a pas.sa.g<' through which steam or other 
fluid (tail pass from one ])laee to another. The fixixl part, or .seating on which the valve rests, is formed 
usually in the jjas.sage, esj)ec,ially in the c,a.se of small brass valves. Tn larger valves it is generally made 
separately: the outside of the .seating is then made slightly taper and fitte<l accurately and tightly into a 

corresponding taj)er opening in the’ jjassage. This method of fixing allows the valve and seating to be 

made of bra.ss, though tlnj pa.ssagc in which it is placed may be made of (!a.st iron. 

Valves of various kinds are u.sed so largely by engineers, and there are so many varieties, that it is a 

difficult mattei’ to make ji suitabhs selection, and it is only pos.sible to refer to a few of the n.«ore important. 
Roughly, they may be divided into three classes, viz. : 

(1) Tho.se oiiencd and closed by hand. 

(2) Valves which are o])oned and closed by sclf-a(;ting mechanism. 

(3) Valves t)})ened .and cloiscd by the pressure of a fluid. 

An example of the fir.st kind is furnished by the ordinary stop, or throttle, valve of an engine, an 
ordinary stniight-way cock, etc.. (Pig- A familiar instance of the .second kind occurs in the slide 

valve of an engine and in regulating or throtths valves (Fig. 241). India-rubber valves, etc., are examples 
of the third kind as we.ll as being instances of non-return valves. 

Ex(im]>le. Draw, half size, the two views of a 3" stop valve (Fig. 228). » 

The lift of a valve is usually made e([ual to one-quarter of the diiimeter of the valve. Thus, for example, 
the diameter of the stejp valve t)n a boiler is usually the same as the diameter of the supply steam pipe, and 
the maximum lift of the valve i.s equal to oiwi-fourth its diameter. 
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Let d denote the dianuitcr and x the lift of the valve. The eylindiieal !U’ea of c.seapc, when the valve 
i.s ojjeiied a distance x, is Trx6, and thi.s must be equal to the I'lrea of cross-section, 



thc.se feathers 
seating. Tlie 
allow a better 
lathe tools duri)i 


arc turned 
noUdies, 

o|)ening 


or 


bore, of tlu' 


2 )ij)e, ix. to - d-. 


Hence 


TT 

■jr.rd = ^d“ 


X = 


Conical disc valve. In Figs. 221), 230, (‘xanijrhss of what are call(Hl conical disc 
r<tlrcs arc shown, 'i’lie e.s.sential dilferiMico between the two consists in the manner 


which llie valve V is guided during 


fixed part of 
2 )art <rf the 


the 


valve calle<l 
passes 
])in 

freely. 


seating, 
of the 


its rise and fall. 'Thus, 
the sc<tt or scaliraj, a bar 
across the. centre; and at 
is made. This forms a 


Fig. 220, 


the 


in 

in the 
forming 

O * 

liar, a liolu of tlie size 
which the ])in P moves 

the inclination being about L')", and fits .into a corrc.sj)onding conical part on the 
“ ■ ■ ■ ■ ■■ ‘ „ 

a if • 


guiding 


m 

or bridge B, 
middle of this 
surface in 


J'he. under surface of the valve V is made conical, 


seating. 


exceeding or 


'I’lic width of the conical jiart is small, not 

The valve and sealing, when of comparatively small size, arc both made 

of brass. To reduce the weight of the valve, the ujqicr surface is hollowed 

out in a manner indicated by the dotted curves of Fig. 229. 

Another method of guiding the valve is .shown in Fig. 230; it consists of 
three wiiojs or feathers, radiating from the centre of the valve. The edges of 
in the lathe so that they fit quite easily and loo.sely into the hole in the valve 
shotvn at N at the juiuftion of the feathers, and tlie face of the valve not only 

for steam or water when the valve is lifted, but also jirovidc clearance for the 


the. proifcss of turning ami the jireparation of the surfaces in the lathe. 
In all cases suitable stojis arc jirovidcd tq prevmit the valves rising too far. 
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Draw tlic seolioiial elovatious and plans of thu two diso valves (Figs. 229, 230). 



■KlO. 230.--Conioiil Disc Valve. Fii!. '231.—India-niliWr Flap Valve. 


India-rubber flap valve. In this form of valve, a rectangular piece of india-rubber is held firmly by one 
end as indicated in Fig. 231. In the plan .shown, on(‘-half the guard i.s removed to show the seating of the 
valve. The object of the guard is to prevent the india-rubber from rising too far. 

Examph. Draw the two views of the valve (Fig. 231). Also draw an end view. Seale 
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Slide valve. In its simplest form, the slide valve consists of a hox-shajxsd easting, in which the faces 
A, A are planed a((!Uiately and made to sli<le liackwards and forwards on a similarly prepared surface in the 
steam chest. This surface contains three pus.sagi«, or jjorts, as they are. called, the two outer, or steam ports. 
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leading to the ends of the cylinder, whilst the inner, or exhaust simply allows the steam to escape 

either to the condenser or to the atmosphere. 

When the valve is placed in its mid-position, as in Fig. 232, the face of the valve covers the two 
openings, or steam ports, and the exhaust is covered by the hollow part of the valve. 



Fio. 233.—Cylimlnr and Slide Valve. 


Example. Fig. 233 shows a sectional elevation of the cylinder, piston, valve, and valve-box, of 
a horizontal engine. Draw, ^ full size, and comjilete the views shown. 'J'lie details of the slide 
valve arc given in Fig. 232. ^ 
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Lap. It will 1)(‘ iiotic.eil that the odije of the valve is not coineulent with the edges of the steam ports, 
but some distanee beyond. This prolonga.tion, or projection, is called the outside lap of tlie valve, 

or simply the lap. In a simjjle form of valve., such as that 
referred to, the hq) is usually the same on both sides of the 
valve. 

In vertical engines, ihi^ lap on the upper edg<‘ of■ the 
valve is fnsjuenth' .slightly greater than that on the lower 
edge. 

'I’he distaiK'e that the inner edge of the valve covers the 
inner edge, (jf tin*. 2 )ort. is e.alled the inside ]a]> of the valve, or 
simply the inside lap. 

'I’lie object in ])roviding outside la]) is to ensure expansive 
working. Thus, if there; is no outside lap, tlu'u the valve 
lemains oj)cn, ami steam is admitted during the whole stroke 
of the piston. With la|), the .steiiin is only allowed to enter 
the e.ylimhir during a part of the stroke, and the jjn'.ssure is 
furnished by the cxj)ansion of the steam. 

Ki<i. 2 ;«. The obje.(;t of inside lap is to (msure that the. exhaust 

closes before the end of the stroke. Tn this manner, a certain 
volume, of steam, which remains in the. cylinder, is (ronqu'ci.sscd by the jviston, and ])r(tduces what is called 
cushioning. 

Lead of a valve. When the ))i.ston is at one end of the stroke;, the distanee that the slide valve has 
uncovered the edge of the steam 2 )ort is called ‘'>e le(ul. Thus, 'in Fig. 234, at I, in which the valve is 
moving in the dirt;(;t.ion of the arrow, the valve, has moved from its mid-position a distance equal to the lap, 
together with a distamie of y\.", or distance from mid-jiosition = Draw, as at V, the crank OC 

in a horizontal jiosition ; make OD = lap-t-lead ami draw a pcrpi'.ndicular DB. Join B to O, then OB is the 
position of the ee'e.entric crank. The eccentric is thus yO’-t-thc angle EOB ahead of the crank OC; the 
angle EOB is called the angl« of advance. . 
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Successive po.sitions of the slide viilv'c fire shown fit I...IV (Fig. 234). 

At I, steam is entering the cylinder tlirougli the. port S,, tlie jiiston moving from left to right ; the 
steam from tlic oppo.sitc! en<l of the. cylinder is e.scfiping to tlie- exhaust throngli the ])ort S^. 

'I’he edge of the vfilvis imiy uncover the stcfim port to fi distance U'7w to Iw, vvIku'c w is the width 
of the ])ort. 

At II, tlie valv'e is shown in the e.xireme 2*"'^iti‘*>* h* fi*'' i'i.ght. At III, the vfdve moving from right 
to left, as indicated hy the. arrow, just covers the ])ort Sj; this jioiut of the stroke is cfdled point of 
cut off. 

At IV, the 2 >ort S.^ is oiien an amount. e(|ual to the. leail, the jiiston being at the extreme end of the 
cylinder. Steam is escfijiing to the exhau.st through the ])ort 

Zeuner's valve diagram. 'J'he motion of the eccentric rehitive to the crank is nuide clear hy tlie Zeuncr 
diagram shown at VI (Fig. 234). This difigram is constructed as follows:—l)raw a circle CFAB, its diameter 
being the travel of the valve, find .set off the angle of advfincc, EOB, on the oji^iosite side of the vertical 
fis shown. 

Produce BO to F, find on OB and OF as diameters describe two circle,s. With O as centre and radius equal 
to the outside hip, de.scribe an arc of fi ci’cle. .Toin O to D the jioint of intersection, and jiroduce to A. Then 
A is the jiositiou of the emnk when fidmis'-ion of steam takes jihici!. Similarly, C is the jioint at which the 
steam is shut off. 

In a similar manner, with centre O and radius e(|Ufd to iit.sule /«/>, describe, an arc of a circle. Joining 
O to the jMiints of intersection find jiroducirig to cut the circle, determine two 2 'oints R and K. At the former, 
the valve is just opening to exhaust, ami therefore R is called point of release. At K, the value is just 
closing, and this is called the jioiiit of ayinpre.s.sion. The four jjoiuts : admission, out off, release, and compression 
may be clearly made out by drawing the diagram to scale. 

Air pump valves. Air jiumj) valves are ma<le frequently of indifi-rubber. The material has to be 
jircpared sjiecially to resist the action o( the minci'al oil used for lubricating 2 >ur{K)ses. 

Sheet metal is filso uscil largely for the imiqiosc. In this form the valves may be. made, very light, 
and they have the advantage that the.y are not affected by grease. Valves of this tyjie are shown 
ill Fig. 237. • 
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India-rubber disc valve. This form of valve is shown in 
Fi<r. 2.15. It consists of a Hat eylinclrieal disc of india-rubber, 
R,” resting on a perforated seating S. A perforated guard 
G will alif>w till! india-rubber disc to move through a certain 
definite distance ; thus the pressure of the fluid will cause the 
india-rubber to move against the guard. Any pressure in the 
nit.urn direction c,auses the disc, to assume, its former position 
and thus to close the, opening. The grating ensures that 
the, <lise is not forced through the opening. Valves of this 
kind open and clo.se quietly. 

K;r<iiiipU\ Draw the two views of the india- 
rubber disc, valve (Fig. 2.3.5). Seale, half size. 


Metal flap valve. This type may be a hinged valve as 
in Fig. 2.3G. The valve is placed in a pipe as shown and 
will allow water or other fluid to pass in one direction, but 
will prevent eflcctually its return. The valve consists of a 
rc,etangular brass j»latc, resting on a brass .seating; the seating 
is held ill position by wooden we,dges W, W, (Fig. 236). The 
cnlargiid portion of the pipe, in which the valve works, is 
calhid a valve hox. A cover i.s provided, as shown, to effect 
renewals or repairs. 

Exam 2 )li‘. Draw the three views of a metal flap 
valve (Fig. 236). Seale half .size. ^ 


C 


« 
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Air pump backet. In Fig. 287 is shown 
a sectional elcviition and incomplete plan of the 
hnckc't used in Edward’s air pump. There arc 
four Kinghorn’s valves, made of tljin .sheet 
nu'tal. ’rhos(' lu'.arest t he grating arc j)erforated 
usually to allow any fluid that may enter 
hetween the surfaces to c.sca])c.. The guard 
also is p<‘,rforated for a like reason. The air 
])um|> rod is fastened to the. bucket by means 
of a wtt, N, in which one end of the nut 
is closed to prese.rvc the bolt from coiTosion. 

Example. Draw and complete the 
two views shown of an air pump bucket 
(Kig. 2.87). Scale half size. 

Standard plug cock. Water or plug cocks 
ai-c used to oj)eu or close a pipe for the 
passage, of water or other fluid. The valve is 
made of a taj)er form—the frustum of a cone 
—and fits ae.curatcly into a hollow conie.»il 
casing. The passage for water or other fluid 
is forimsl through the ])lug by rotating it. 
When the holes in the plug arc in contact 
with the uK'tal surfaces of the casing the cock 
is closed. Four views are shown in Fig. 238. 
Adju.stmcnt is provided by means of the gland 
bolts and the screw S at the ba.se. 

Example. Draw, half size, the four 
vicM^s of a fjlug cock (Fig.' 238). 
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Stop valve for hydraulic pipes. 

Three view.s of a Ktop valve for 
hydraulic jiipea are shown in Fig. 
239. 

Example. Draw, full 
.size, the three view.s of a 
stop valve (Fig. 239). 
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RamBbottom double safety 
valve. Fig. 240 shows a 
sectional elevation and plan 
of a safety valve; the two 
disc, valves arc e.ac.h 2" 
diameter and are placed 
apart. The valvii faces 
are , made flat instead of 
conical—the width of each 
face being about I’hc 
valvas arc held down by a 
helical .spring made of 
sipiare steel. Tlie pri-ssurc 
on the valves is regulated 
by the nut N. By means 
of the lever L either one or 
the other of the valves can 
he rebeved to ensure that 
no jamming occurs. 



Flc!. ‘2441. Siifety Valvi*. 



Exnmjyle. Draw' sectional elevation, plan, and end A’iew of safety valve (Fig. 240). Spring, If'' 
outside diameter ; made of j'V' square steel, pitch of qpils Scale half size. 
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Regulating or throttle valve. This form of valve (Fi^. 241)- is also callcl an equilibri^mi 
are t\yo valves either of ecjual or nearly e(]ual size. The downward pressure ol the steam o t 
halaneed by the u])ward pressure on the other. 

Example. Draw tl.e two views of the throttle valve (Fip;. 241). Make any neecs.s»iry corrections 
in the two views. Scale half siz('. 
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EXERCISES. XIV 

1. fJive skctclu's tilio\vin>>; the con.^itruction of a conicul metal lift or puppet valve aiul seating Show 
how the valve is guided in it.s inoveiueut and how tlie heiglit ()f the lift is limited. 

2. Sketch a slide valve in niid-])osition to the following dimen.sions; Exhaust i)ort, 8" wide; bars, 
I" wide; steam l)Orts, 2" wide; outside lap, U". Sketeh also the .same valve at the eonuueiicemeut of the 
.stroke with lead. 

3. Show, by’ .sketehe.s, the eon.stru<‘.ti()n of a .slide valve for a steam engine. Show how the valve rod 
is secured to the valve, mentioning the conditions to be ob.serve,(l in this part of the design. 

4. What should be the lift of each of the valves of the pump (Fig. 24(5) so that the sectional area of 
the water passage.s may not be ohstrueted ! 

5. With the aid of .sketches, describe the construction of some kind of screw-down stop valve in which 
the seating is made of soft metal which is arranged to be rcaidily renewable. 

6. With the aid of skctclurs, de.se,ribe how the valves of the air ])ump of a condensing steam engine 
are fitted (l) when maile of india-rubber, (2) whim made of thin flexible metal. Compare the relative 
merits of the two. 

7. Give sketches showing the eomstructiou of any form of turn-eock for .shutting off water or steam, 
.When, after use, it l(!aks, point out where the ill fit generally occurs, and describe how you would ivfit it. 













XIV.] 


VALVES. SLIDE VALVE. SAFETY VALVE 


' 215 


8. Vnlvc-nxl-cnd and link-ldock. Tlic diagram (Fig. 242) .show.'i the details of the end of a valve rod, 
which is to he coujded t,o a block also .'^hown, designed to fit a double, bar hide. Do not draw the parts 
separated from one another as in the diagram, but draw all the parts iu tlunr proper relative position. 
Scale half size. [B.E.] 



9. Draw, full size, the sectional elevation and end view of the spring-loaded .safety valve shown 
(Fig. 243). Also draw a plan projected from D. [B.E.] 
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10. L)raw, half size, the two views of the slide valve for a steam engine (Fig. 244). 



Two nuts, sa^ Chich. <-Yd'cUam,. aerxas comers 
Sptilf pin/, }i dUconeter. 


Fin. 244.—Slidii Valve. 
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11. Two sectional vicw.s of a stcuin ciiwinc cylinder arc given in Fig. 24.'). Complete tlie two views 
shown. Scale Insert some suitable form of valve and pLston. 



Fio. 24.'».—Steam Kiigitio CylitHlor. 
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12. Draw and complete the .scsetioual elevation and plan of a double-acting pump (Fig. 24G) showing 
the valves and piston jdaeed in position. tSeale [B.E.J 



13. Draw the two views shown (Fig. 247) of a pump f«r forcing water. Scale full size. [B.E.] 














CJLAri'KR XV. 


MATEFtlAl-S. 

Ix is only possilili*. in llioso ^kij^os 1o f^ivc brief notes of a few of tlic more ini])or)nnt matovials used 
by engineers. For more tlclailed infonnalion tlie reader is ' referred to larger books dealing exclusively 
with the subject. 

Iron. Using the term in its general sense to include east iron, wrought iron, and steel, iron is (•.liielly 
olitaincd from iron ore. 'I'liis on! ('.onsists of iron in combination with o.xygeu and carbonic ac,id, the com¬ 
pound being mixed with earthy matters, such as clay, etc. 

The chief characteristics of tlie three varieties of iion may bo said roughly to depeml on the amount 
of carbon present. Thus cant iron, a compound of ii-on and 2 to 5 per cent, carbon, is easily melted 
and can be run into suitable moukbs. Tin; material is brittle; and the surfaces formed by breaking, it 
:ir(! of a cry.slnllinc texture!. Wronyht iron is cither ])urc iron or iron containing a very sliglit amount 
of carbon; it is fihrom and dueetile an;l can be welded; it is used for shafts, bolts, etc. It may be 
magnetised rapidly and very quickly loses its magnetism; it is therefore used for making electro magnets.' 

Steel, lihc •materials included under the general term steel vary from mild steel, a mixture of pure 
iron and about J ])cr cent, ciubon and closely res(!mbling wrouglit-iron, to tool steel, (;onsi.sting of iron with 
I to 1‘5 per cent, carbon. Tool steel, wlieii made hot and suddenly cooled, becomes very hard. Its 
hardnes.s may be removed partially by reheating and by the ])rocess known as tempering described on 
p. 227. When made h )t and allowed to cool slowly steel remains soft. 

Steel of this Kind can not otdy be. tempered but can also be permanently magnetised. Mild steel, 
containing lc.ss than O'S per cent, of carbon, cannot be tempered. 

Between the extremes referred to there ai;e a large number of varieties of steel. 

* The three metals described are^ of great importance ^ an engineer, and it is necessary to enter into 
more detailed explanation. , 
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Oast iron. •• 'I'lic infitcriuls included under (his general term vary to a great extent both in appearance and 
strength. Cast iron is obtained from iron ore hy .smel/iiiy. During this process a flux—usually consisting 
of lime—is added. This llux .serves the purpose not only of ])ronn)ting the fusion of tlie oiv. but in addition 
combines with some of the early matters to form a fusible gla.s.sy substance called slag. The metal in its 
molten .sta1.(! is run into a .series of shallow groove's and is aft<!rwards broken into h'ugths of two or three feet, 
known as ply iro't). The material thus obtained contains from 2 to 5 per cent, e-arbon and many impurities, such 
ns silicon, ])hosphorus, sidi)hur. and manganese, which may to a great ext('n(, be e]iminat.e.fl by I’epcated proces,ses 
of remclting, the (juality of the iron imj)roving with each rcmelting up to roughly about the fourteenth time. 

Moulds and patterns. T’attr'nis m.'ule of wof»d or metal c»f the exne.t shapes of tin; obpicts re<|uired arc 
u.s(‘d to obtain cast-iron object.s. The.sc jiatterns are embedded in foundry sand rammed tightly so that 
when the pattern is removed an exact shape is left in the. sand. This is called the mould. Molten metal 
is ])our('d into sue.h a mould and allowed to cool - a prcx-.css known as fowi.dlu;/ or casting. When suffi¬ 
ciently cooled the eastings arc removed from the .sand and cleaned. 1’his proce.ss is called fctlling. 

The great and uneotain .stre.s.scs in the material, which may be induced during the proctiss of cooling, 
constitute one of the great obj(!e,tions to its ns<!, and its phnsi is being taken rapidly cither by wrought 
iron, mild, or <‘asr sti'cd. The contraction during tin; process of cooling varies from j',/' to per foot. 
The material is also liable lo have, what arc called hlow holes, formed by gas huhhlcs, beneath the surface, 
which obviously reduce tin' .soundin',ss and strength of an object. 

The .soundne.ss of an obji'ct may be in many ca.scs ensured by easting the object under pressure, ^is 
is eifected usually hy pl.'ieing the mould in a vertical ]) 0 .sition with .some additional metal called a head 
alwve it. Tin' lighter impurities, dross, etc., together with air or gas bubbles, ascend into this part, which 
is afterwards cut otf. 

The dilferent varietii's of cast iron arc designated by iron merchants usually by the numbers 1, 2, 3..., 
the higher nundiers denoting tin' whiter and harder kinds, and the lower numbers the greyer or softer 
irons. The whiti'r kinds are har<l and briitle, . 'd are, therefore, not often u.sed for ca.stings, in which' a 
considerable, amount, of stre.ss is likely to occur, or which have to be .subjecteil to extensive operations by 
worksho|) tools. These whiter kinds of cast iron arc called forge irons, or forge *w>d are used chiefly 

for conversion into wrought iron. Tn these whiter kinds tho^ carbon is in chemic.al combination with the 
iron, but in the greyer vaih'ties, known as foundry irons, or fonwlry pigs, only a sihall proiiortion of tht 
carbon is in chenncal laimbinution, while the remainder exists in the frdc state, simply mixed with the iron. 
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Mncliiuc <lctiiils and tin* frames of mae.liines arc made of cast iron frequently on a(!eount. of the facility 
with wliich an ohjee.t even of (iomplie-ated form can be cast. For a similar re.ason, togctlicr with the coni- 
parativisly great atrerngth in c-ompression of the mati-rial, (tolumns and pillars are in many eases made of wist iron. 

Malleable iron. The brittleness of small cast-iron objects may be removed ])artially by heating a casting 
to a bright real heat and keeping it for sonns time in (>ontae,t, with powdtn-e.d red hematite', which consists 
chiefly of peroxide of iron. Tn this process the carbon is partially l)urnt out; the material is tougliened 
and converted iiito what is called malleable iron, resembling to sonui extent wrought iron or steel. 


Ohilled castings. When molten nudal is cooled rapidly in a mould, it is found that some of the free 
carbon disa]»pears and white hard cast iron is formed. This property is utilised in cases where some 
particular portion of a casting is retpared to be made harder than * Ihe remainder, as, for examjde, the 
jahiits of conical iron slnill.s. In such ca.ses the mould at the part requiring to be made, harder than the 
rest usually consists of a thick block of cast iron. In this manner the casting in contact with the. cast- 
iron block is cooled very rapidly and become.s extremely hard to a depth varying from about one-eighth to 
half an inch. The surface iu contact with the molten metal is protected by a wash of loam. 


Ultimate strength and safe stresa The ultimate, or breaking strength of ('.iitst iron is usually taken to be 
from 40 to 45 tons per stjuare inch in cojiqircssion, and from 7^ 1o 10 tons per square inch in tension—a ratio 
of al^out 6 to 1. 'I'he average shearing strength is about 12 tons sq. iu. 

The material may be mad('. to take, complicatiid sha})i's by casting in .suitable moulds. It is of the 
utmo.st imiwrtaucc that the. ero.sa-seetioti shall be as uniform as possible ; when this is not the case the 
thinner part* cool first, and, iu con.soc|ucnci!, initial and unknown stresses due to unequal contraction may 
exist in the metal. The magnitude of these, is sometimes so great that fracture may occur either before 
the casting is removed from the mould or during the subsequent workshop j)rocesses. It is necessary in 
order to prevent this tendency to frac.turc that all sudden variations in thickness and sharp corners shall be 
avoided, and that the c.ros,s-sce.tion .shall throughout be. as uniform as ])os.sibl(s. 


In cast-iron girdeys this uniformity of thickness is to some extent ensured by taking working stresses 
in. compression'and tension to be as 4 to I instead of G to 1. This gives as the safe, working strc.sH 6 tons 
jjer ,sq. in. in compuession and tons in teiyjion. The cross-section of a cast-iron girder is made usually 
eff the same tJiickness throughout. When, as in Fig. 249, the upper flange, is inaih! tliinner than the lower, 
then the web W is made ta^ier as sKown, the areas of the twp flanges are as 4 to 1. 
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Wliat are known as are inserted sometimes at distances of about 4 feet along the length 

to ensujo lateral strength. On(^ C)f these is shown at S (Fig. 249). 

Example. Draw cross-section and elevation of about 4 ft. of a 
cast-iron girder, 18 fi’ct long. tSeab; (Fig. 249). 

Wrought iron. Wrought iron is used for a variety of purposes 
including tin* making of shafts, iiolts, nuts, etc. It is employed ahso for 
machine ])arts re<|uiriug strtiugth and toughness, 'fhe material is obtained 
from cast iron by the proce.ss<!s of 'rejiidug. pinhU'nn]. xhingll.tKj. and rolling, 
in which the greater ])art, or the wliole, of the earhon and in addition many 
other (!onstituents, such as phosphorus, etc., arc eliminated. 

When the metal is heated to a sutliciently high tem])crature in the 
pre.sence of air, the oxygen of the air combines with tlie carbon formuig 
an oxide of carbon, and when this is driven off the resulf, is either pure, 
or nearly pure, iron. The mass of white hot metal is next worked under 
Fio. 249.—Cast-iron (Urdor. jJif. hammer—au ojxiration known as .^tingling —au<l finally passed through 

suitohle rolls. 

The fibrous character of the matmial an<l its tensile strength arc found to depend upon the amount of 
rolling that the matei'ial receives tluring the j)roce,ss of formation into bar iron, and the following nnmes 
u.scd to designate various (jualities of iron indicate jirimarily the amount of rolling the material has 
received. Tims, Paddle bar denotes iron which has oidy been rolled once; Merehmd bar is formed 
from puddhi bar by reheating and rolling. In both tho.se cas(^s the bar’s produced are of in'ferior quality 
and cannot be wehled easily. By continuing the process, bar is pre])ared from Merchant bar. 

Ductility. Oms of the most important projrerties of wrought iron is its ductility, or the amount of 
stretidiing tliat occurs bcloi’«> fracture, of the mai rial takes place. Thus, the best qualities of wrought iron 
will stretch from 20)' to 2.')% in a length of 8" before breaking with a contraction of area at fracture usually , 
not h'.ss than 40 per cent. 

Welding. Unlike cast iron, in which two sejrarate pk'cae cannot be welded together, two surfaces qf 
wrought iron can be hammered or pressed together when the metal is, at a white heat (about 1600° F.) so 
as to form oiu'. piece of material. Also, it c.anciot be castt at high temperature it a.ssumes a pasty condition. 
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Ultimate strength and safe stress. The ultimate or greatest tensile strength of the material depends 
upon the quality of the iron ; but ordinary good materia! will bear from 2U to ‘if) tons per s<]. in. The 
greatest compressive strength varit's fi'oni It! to 20 tons p(“r s<j. in. The worh-ng xirntu is obtained by 
dividing these values by a number or factor called tlie J'ucfor of sofefg. Thus, if the factor of safety be 5, 
tiien tiic .safe working stress is aliout, .0 tons p(!r s<j. in. in tension and 4 tons in compre.ssion. In many 
ea,ses, for conv<>nicnce in calculation. 10,000 li)S. per .s(|. in. is used in.stead of the preceding value both 
for tension and compre.ssion, and 0,000 Ib.s. per s(j. in. for shearing. 



FlO. 25<1. - TvoUhI Inm (lirrler Fio. 251.—Platf^ Oirdfi*. 


In the ease of a wrought-iron girder the two flanges arc usually e<pial in size (Fig. 250), and they 
are known as rolhal iron girders in this form. 

* Example. Draw, half size, the cro.ss-section of a rf)llcd iron girder (h^ig. 250). Also draw an 

elevation showing about 3 feet of the length. 

In phUe girdevn each flange consists of one, tw'o, or more })lates joined together by angle irons and rivets. 

Exam 2 de. Complete the two views shown in Fig. 251 making the elevation about 5 feet long. 
Scale J. 

O.M.O. 
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Effects produced by vibration, it is found that <‘ontinual vibration tends to reduce the, fibrous structure 
of wroujfiit iron to a more or less ery.stallinc material resembling east iron. Shafts, ct<‘-., subjected to 
int(!rmittent stresses arc liable to fracture. 'I’lie effects refcrrisl to, and 'known as Jhilffite of malmals, 
are particularly notic,eal)le in tin* fractured siu'faee.s of crane and other chains which have been in u.sc 
for some considerable time. I'he fibrous nature of the material may be restonnl by the pro(!ess of 
annealing, in which the material is he.at(Hl to a red heat and allowed to cool .slowly. 

Case hardening. The surfaces of wi'ought-iron and cast-iron objects, after they are finished by ihac.hine 
tools, may bo hardened by heating the object to a red heat, then coating the, surfaces to be hanlcned 
with powdered yellow prussiate of ])otash and quickly cooling in water. A similar result is obtained if, 
when the surfaces are heated, they are kei)t for .some time in contact .with carbonaceous .substances,'such 
as bone <lust and cut lings of horn and leather. Tn this manner the outer surfaces acquire sufficient 
carbon to convert the surfac.i^ for a com])aratively small depth into steel. The, depth to wdiich the hardening 
extends d(q)ends on the time during which the, ju'oce.ss takes place. 

SteeL Stc'cl may be. obtained either fi'om cast iron by eliminating some of the carbon in it, or from 
wrought iron by adding carbon to it. The, term steel iuclinh^s materials -wdiieh <lifrcr from each other 
very materially in many respects. These differences are, produced chicHy by .the varying percentages of 
carbon. The, "softer kinds coutaining ()'15 to ()'2 jier cent, of carbon are used for bridge work, etc. 
Plates containing 0'25 to ()'.3 ))er cent, are u.sed largely for boiler jdates, etc. The material resembles 
wrought iron in many respects, having the .same facility of welding, e<|ual toughness, and greater strength. 
Such steel cannot be hardem'd. 

The harder <jualities of steel contain more carbon, i.c. from 0%‘l to 1’5 per cent. These have less 
toughm^.ss than tlui .softer kinds, but much greater sireugth. 'I’he harder the .steel is to be made the 
nutre c,ai'l)ou it should contain. I’lius, razor Med, which becomes very hard and can be made to take a 
vei'y key'll edge-., (contains 1'5 per cent, c.'trbon. 2\>ol Med, which does not become so hard as the razor 
.sPad and can with care be welded, c-ontains id per cent, carbon. When the steel contains 1 per cent. 
c,arbon it is called diisd sted. Tliis steel admits of a good cutting edge, and the steel is also strong 
and tough. Steels containing less than 0'7 per cent, carbon arc not used for tool making. 

I 

Manufacture of steel. Steel is made by what are known as the Siemen’s-Martin, the Bessemer, aiTd 
tlie Cementation j)rocesses. The cementation process is used for high carbon steel. 
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In tlic Sicmr.rhH-MtiHiv. process, the pig-iron is melted in a Siemen’s gas furnace and the amount of 
carbon necessary is obtained by adding c.hian iron ore, scrap iron, etc., containing tin*, reijuisitc amount. 

In the licssemcr ])roc,ess, tlie molten metal is poured itito a conivrter and a blast of air forced through 
it. In this manner (,hc f)xygeii of the, air combines with and carries away the carbon in the form of carbon 
dioxide, and also re-sults in tlie removal of many of the impurities, such as silicon, manganese, etc. Finally, 
sufficient cast iron of the whiter kind, called ttjm’f/eleiacn, is added to give the exact amount of (jarbon required. 

In the Q’mcntalion prot^ess, bars of jjure wrought iron and broken charcoal arc healed to a red heat 
and kept at that temperature for several days. The steel produced in this manner, after undergoing the 
hammering ])roccss, is known as xhettr xtrcl and is used largely for tool making. 

«Mild steel is from 20 to 25 per cent, stronger than wrought iron, and, on account of the ease and 
facility with which it can be made, it is now used very largely for the various parts of engines, machine 

tools, etc. The steel u.scd for boiler work has usually a teirsilc strength of from 27 to HO tons per sq. in., 

with an elongation of about 20% in a length of 8". 

Nickel steel Contains 7 to 30 per cent, of nickel. Tensile strength 40 to 45 tons per S(j. in. 

Hardening. One of the most important properties of steel is that known as hardening ; i.e., when a 
piece of the material is heated to a red heat and cooled by immersion in water, it becomes extremely hard 
and brittle. The degree of hardness depends upon the composition of the steel and the rapidity of the cooling. 

Tempering.' Closely associated with the hardening projjerties of steel is that known as tempering. Thus, 
a cutting tool of any kind—such as a chisel—would, if made red hot and slowly cooled, remain soft so as 

to be cut easily by a file. If made red hot and cooled quickly it becomes very hard. Its hardness may be 

reduced to any extent by the proe,ess of reheating. This process is called tempering. 

A common practical method adopted for hardening tools is to make as much as may be necessary red 
hot and suddenly to cool the cutting edge by immersing it in water, afterwards allowing the temperature to 
increase by the condaction of heat from the other and thicker portions of the cutting tool until it reaches 
the necessary “temper” reijuired. When this w,curs the whole is cooleil, to fix, or to set the tool. 

, One process of tempering may be illustrated by the method adopted to temper a fitter’s chisel. The 
chisel is heated to a red heat, to a di.stancc of say three or/our inches from the cutting edge, and then 
partially‘cooled by immersing the cutting edge to a depth of»about an inch in water. The cutting edge is 
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next riihbed on <1 pic'oe of stone so tliiil. (he colour of tlie film eiin lie cleiirly soon. As tlio lieut is cxinduc-ted 
by the motiil, the cluinge in ibo colour ol* tlie film indicates roughly ibo. degree of bardno,s.s. Thus, il when 
tbo. colour cliange.s from a pale ^'cllow to a straw colour it is immersed in wate.r, the tcm]K;r wcjuld eor- 
rifspond to that ii.sed for razors and instruments of a similar kind. II the cooling be allowed to continue, 
Idle colour of the o.\id(! would alter from straw to (a) brown, {!>) jmrple, (<•) blue. The fir.st (ft) would be 
suitabh', .say for a chisel; the ne.xt (b) for wood turning and many other tools ; and (e) for watch and other 
SfU’ing.s. Wlii're elasticity is reipiired the blue colour is al.so suitable for various tools, such iis .saws, etc., 
which reipiire to be sharpened from time to time b}" filc.s. Siic.h tools are, however, fret|Ucntly tempered to 
a suitable degree of hardness by lusiting and immersion in an oil bath. As alri'ady indicated, if the cooling 
be allowed to procee.d slowly, then, when cokl, the material can be tiperatcd ujjon by cutting tools as readily 
as wu’ought iron, a material which it closely resembles. 

Oast steel. St.e,el is fusible and <ibj<‘cts of it can be cast. But, unlo.ss the. casting is made under • 
pressure, the object is porous and contains numerous cavities. 

Whitworth fluid compressed steel Sir .1. AVhitworth has overcome this dittic.ulty liy subjecting the metal 
to gi'i^at pre.ssui'e whilst cooling in the mould. The .steel produced by t.his process has a ten.sile .strength 
from bO to 40 tons per S(]. in. 

Lapping. Wlum tw'o surfaces of uncipial hardnc.ss are pre.s.sed together, and one surfiice is made, to slide, 
over the other, friction between the two may i-esult in the. cutting or abrasion of the .softer surface. The 
harder surface only sufh'.rs slightly, unless particles from other .sourc.es arc. embedded in the softer surface 
ami att, as cutting tools. In the. operation of lap])ing, emery, or other very hard substance, is pre.sscd into 
a softer one such as h'ud, the lead merely acting as a holder for tlu*. cutting material. 

In a similar manner, in jiolishing and in cutting hal'd rock sections, diamond dust is ])ressed into the 
softer surface of an iron di.se or wheel. 

Friction, hh'iction may be used as a means of transmitting motion. Examples arc to be found in belt 
and ro])!' gearing, and in friction clutclu's of various kinds, etc. In all such cases the object usually aimed 
at is to make tiie fric.tional rcsistanc.e as gri'ut as possible. These cases are coiusidcred in (Jhap. VI. 

The object of a machine may lx- defined to be to control or to utilise energy for the purpose of doing 
useful work. As all machines arc more or less imperfect, a part only and in some cases a considerable part 
of the available energy is waisted in various ^vays. <.c. in triction bi'tween the rubbing surfaces, friction erf 
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l.lie air, eta. Tt is of eoursc f)f piiniary ini]»oriaiu e to climiui.sh as far as }) 0 .ssib]c the fri(;tion b(!t\ve(!U two 
surfac.es aiitl in tliis manner to reduee the loss of energy to its smallest possible amount. 

It is a matter of common e.xperienc.c that when two surfaces wliieli may be apparently smooth arc 
pressed together they cannot bo movisl without the applic.atiou of fonas. 'I'his is ne.c.essary to overeoiiu! the 
roughness or unevenness of the surfaces in contact,. The surfaces, although apparently smooth, may be 
assumed to consist of a huge number of minute, projections which e.vist on tiui surfaces, and the friction 
experienced is probably due to the interlocking which occurs when the. surfaces are pressed together. 
Fri(!tion between t,wo surfac.es is therefore a foi-ce. acting in the oppo.site direction to actual or po.ssible 
motion, and may be either sliding or rulling friction.. It is ea.sy to verify that mneh le.ss resistance is 
oHered to rolling than to sliding friction. Thus, a heavy block of .stone whi< h may oiler great resistance to 
a push or jrall may probably !»(>. moved <|uitc eu.sily when ]ilac.cd upoji rollers. It is for this nanson that 
friction wheels are provided, that vehicles are fuimished with wheels, and that ball bearings are used in 
.‘.yclcs, etc. 

Measurement-of friction. When two surfaces are placed horizontally, the ratio between the force keeping 
the .surfaces in conta<'.t and the force necc'ssary to niov(> one surface over tin* other is called the coeffu-ient 
of friction for the two surfaces in contact: it is usually dcnote.d by the letter n. In many cu.ses, the force 
referred to is simply that <lue to tlic weight of the moving body, and if F denote the force, W the weight 

of the moving body, and m the coctheient of friction, then the relation is 

F = /iW. 

It will be obvioits that much will depend on the nature of the sui’faces in contact. Tlntse may be 
ivhat are. termed smooth, j'ough, or aiiy intcrm('.diate stage b('.tw«ien tlnise t*xtrcm<!s. The coefficient of 
I'ric.tion can only be e.xpe.ctcd to give, in any ac.tual case, a fair approximation. The ordinary so-called 
laws of fric.tion which are approximately true within c.eitain limits are: 

1) fric.tion is directly ])roportioual to the pre.ssurc between the surfac.es; 

2) is independent of the extent or area of the surfac.es in contact; 

3) is independent, of the vehK'.ity. 

Friction may be reduced by making the surfaces in contact exceedingly hard and as .smooth as po.ssible. 
There are many reasons why such a process is not always practical, such as the great expense, it w^ould 

mtnil, etc. Hence, other atul simpler. methods are used. Thus, the surfaces in contact may be made ns 

nnooth ns possible and of ample size to diminish the intensity of the pressure. Another method is to use 
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different metals for tin; two surfaces which work together, and by the use of various lubricants to prevent 
the surfaces actually coming into conta(;t. 

For example, tlie journal in a rotating shaft may be of steel or of wrought iron, while, the bearing 
in vvhudi it rotates consists of some kind of alloy. This plan serves the double purpose that the loss by 
friction is reducc.d, and thfit the waar chielly occurs in the small ste])s. Bushes, or bi'asses, of a bearing 
are of comparatively small size and wdarn worn can be re])laced easily. he use of a lubricant is to 
introduce a thin film between l.wo smooth surlac,es, and in this manner to prevent actual contae.t between 
them. If, however, the, pressure between t/wo surfaces is too great, the lubricant may be scpieezed out and 
the two metals come into contact. When this occurs, w'hat is called xriziiuj takes place, and the two 
metals adhere so closely that usually considerable force, is necessary to elfect a .separation. 

Copper. This mapuial, easily reciognised by its characteristic reddish colour, is of great importance to 
the engineer. It is malleable and ductile, not only at ordinary tem 2 )eratures but also at a red heat, and' 
therefore can he workaal ('it her hf>t or c.old. It is largely used for iiijws which requirt; to be bent to 
shape when cold, also in fiirbox 2 )lates, etc., where, its power of resisting heat is of great value. It is a good 
conductor of heat and electricity. The. ultimate tensile strength of cast c.op])cr is about 10 tons j)er sq. in. 

Alloys. What aic kmnvn as o//o»/.s are. used for a great variety of i)uriJO.scs, including the rubbing or 
wearing ])arts of {xis/k’s, xli'pSy etc., of rotating ]>ieces, for the sheatliing jdates foi‘ ships, for the tube,s for 
locomotives, for boilers, for water cocks, for vidx'cs, and for hydranlic purposes generally. The material for 
casting in sand moulds must, when molten, be sufficiently ]i< 2 uid to be c.Jipable of sharply entering and 
registering faithfully the. most minute details of the mould. In addition, brass castings have often to bo 
suhjectcd'’to hydraulic tests, and the castings mu.st therefore be free, from what are called “pinholes.” 

Alloys consist of varying jjrojjortions of cojjper, tin, zinc, etc. It is jjossible here only to give a brief 
list of the more im).*ortant, and to state fairly average values of the constituents, hor more detailed 
iufoi'ination works dealing with this subject alone mu.st be. consulted. 

Brass. The term hmxs is usually taken to ajjytly to those alloys of which copper and zinc are the 
chief and essential constituents. 'J'he range is a wide one; i.e. copper 90 to 35 per cent, and zinc 10 to 
65 ])(!!• cent. Many of these* tdloys, as will be seen from the following list, receive somewhat fanciful names. 

The (composition of brass for ornamental work varies from 90 i)er cent, copper, 10 per cent, zinc tO, 
80 jHir cent, copper, 20 per cent. zinc. 
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Brass containing 65 to 70 per cent, copper and 35 to 30 per cent, zinc is largely used for rolling into 
sheets, drawing into wire, and is also used for .steps, valves, cocks, etc. 

Zinc is of a bluish colour. It is a malleable and ductile material and forms a constituent of several 

forms of alloys. It is use<l in the process of galvanizing iron and also for a variety of other pur|)oscs. 

Aluminium is a whitish metal which is malhiable and ductile. It is extremely light compared with 
other metals. Its speciiic, gravity is l!’6, or about J that of iron and steel. Its teii.sile strengtli is low, 
varying from G to 14 tf>ns per sij. in. 

Muntz metal contains about GO jier cent, cojiper and 40 per cent, zinc,; in some ca.ses one per cent, of 
lead is added. It is used for the tubes of locomotives, the sheathing ])lates of ships, bolts, studs, clc. 
Plates of this kind do not corrode readily. The tliin coating of zinc which forms on the surface prevents, 
too, to some extent, the attachment of barnacles Tensile strength about 30 tons per sq. in. 

Naval brass has usually a composition of copper 70 per cent., zinc 29 per cent., tin 1 per cent. As its 

name implies, it is extcn.sively ii.serl in marine work for bolts, spindles, nuts, et(!. 

Qun metal or bronze. Alloys in which copix-r and tin are the chief constituejits arc usually known as 
gun metal or hroikze. The hardness of the mental depends upon and increa.ses with the percentage of tin. 
Thus, a composition of 90 per cent, cojjper and 10 per cent, tin would correspond to a soft Itrouzc, whilst 
82 per cent, to 18 per cent, forms a hard bronze. In some cases a little zinc is added. Thus, the Admiralty 
specification for gun nietal is 88 per cent, copper, 10 per cent, tin, and 2 per cent, zinc. 

Phosphor bronze is an alloy consi.sting of copper and tin together with a small proportion of phosphorus. 
Unlike ordinary bronze, it can be remelted without deterioration of quality. Tensile strength 20 to 30 tons 
per sq. in. 

Babbit’s metal. This anti-friction metal is largely used for lining the bearing surfaces of cast iron, 
steel, or.brass bushes. The composition varies from 5 per cent, copper, 80 per cent, tin, 9 per cent, antimony, 
to 9 per cent, copper, 82 per cent, tin, and 9 per cent, antimony. The friction in a rotating piece is 
reduc^ by its use, fend it is therefore used for bearings, connecting rod ends, etc. The material is 
comparatively soft, and must be supported in shallow trough-shaped recesses (Fig. 210). 

• Delta metal. Ts a brass alloy coutainitjg a proportion of iron, tensile strength 22 to 35 tons per sq. in. 
It can be worked hot or cold. 
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EXERCISES. XV. 


1. Si.'ito, Uio prnpcrtios of Imiss, cu.st iron, niid \vr()n<;lil. iron. M<‘nl.ion .sevcrnl examples 

of maeliiiK! dotiiils in wliii'li tlie inctal used i.s selected on account of the po.ssessiou of certHun oi‘ilic.se properties. 

[B.E.J 

2. Wlial is tlie. coiiiposil ion of the soft alloy usi'd for bearings known as white metal ? State the 
advaiitagi's due to its use, and show by sketches how it is attached to the brass or guii-metal steps of a 
bearing. [B.E.] 

3. Name the material you would use in the construction of (a) a lathe bed; (h) the plunger of a 
water pump; (c) a steam boiler. In (aich I'a.se give rea.sons for your answers. 

4. (live an instance in which some portion of a machine, is c-ase-hardem'd. Deseribc how the process of 
case-hardening is perrornied, and how the hardened surface is made accurate and smooth. [B.E.] 

5. Describe the manufacture of malleable iron. 

fi. As an examjile of liardcning and lempering, explain the ])roce.ss of making an ordinary chipping chisel, 

7. Wliy are wrought-iron girders preferable to those made of cast iron? (Sketch a siiction of a wrought- 
iron and also a cast-ii’on girder. 


8. (live .sketches showing two instanciis, differing as much as possible from one another in lion.struction, 
where rollers are used in machines for the purjiose of diminishing friction. 

9. The riatiges of a plate girder arc 7" X the web angles 3" x 3" x 4", rivets diam., and 

4" jiitch. 

Draw a eross-stadioii a.nd a portion of the elevation of the girder. Scale 


M1SCELLANE(JUS exercises XVI. 

1. Eh'vation and iilan of a bracket for supporting a jiair of shafts at right angles to one another, 
counee,t(>d b}' mitre wheels (Fig. 252). Draw the elevation' and plan, the wheels and shaft being shown Kr 
place. Scale full size. [B.E.J 
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2. Guide bratiket for a valve-rod. Draw 
aad ooni])](‘to tlie vicw.s C and D (Fig. 253). 
Draw also a front clcivation, projected from C 
as seeu when looking in the dii'cction of the 
arrow. Scale fths. Make a tracing of the three 
views. [B.E."] 



KiG. 2SR.—fnr Vo.]v**.tvwl 
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3. Hydraulic i)rp,ss. Tlie diagram (Fig. 254) sliow.s tliree views D, E, F of a press cylinder, and 
detached views of the cro.ss-head plunger gland, et(i. You are rccpiired t.o fit the parts together, and 
instead of drawing view D in outside, elevation as shown, to draw a sexition taken through the centre ot the 
(iylinder; also, in place of view E, draw an outside view when looking in the same direction. Scale 4 . [B.E-J 



Fia. 254.—Hydraulic jPrcBS. 









CHAPTER XVI. 

ENGINEEIUNG DRAWINGS. 


It may be advisable 1.0 give a brief stxmmary of the various points- -many of which liave already been 
referred to in tlie jxreceding pages- that must be attended to in order to protluce a working drawing of 
good style and finish. 

{a) In (•.onmicncing a working drawing the centre lines sliould be drawn first. C^aje must be taken 
tliat the lines fijrming the drawing are e((iiidistaut from these lines. 

(/>) Although pencil lines xnay be set out of an indefinite length until the various dimensions are 
obtaiinsl, thesti must be made finally to terminate e.xaxitly at the ])oints intended. This ruhi applies to all 
ilrawings (‘ither in ])eneil or ijik. 

(c) All the, lines of a draAving should be. firm and of uniform thickness. These lines, together with all 
the e.iirve.s, .should be drawn by (he aid of iii.s(riunent.s. In inking in. all lines .shouhl be perfectly black. 

{(1) Cireh'S and eiu’ves touching lines .shouhl do .so aeem-ately ; the point of contact should not be 
noticeable by thi“ e,urv(! failing to touch th(‘ line. 


(e) It is ea.sier to draw a line to touch a curve than eonver.sely. lle.ncc, in inking in, the <-ircles should 
be. inserted first, tlnni the straight lines, and finally any euiAcs rexpiiring the u.sc of a guiding curve. 

(./) l^'''‘tion lines shottld be ecjually .s]);ie.ed. If a hat wa.sh of colour is u.sed, tin! drawing board should 
b(! p]ae,(sl at a slight slope and the <'oloui- jnit on <pu(e evenly begijining at the, upper and working toward.s 
the, lower parts of the (li'awing. Small pools of colour must not be left on any portion of the drawing. 


{(/) 'J'lu' lettei’s and figui'es must 
altering the ixosition of tlie xlrawiug. 


1k“ clear, well fonned, and .so arranged that all can be read without 
Tins arrowheads at the ends of dinnm.sion lines mu.st termiifate at 


the lines to which they rx'fer. 


It shouhl b(‘. noticed that no written in.struetions can rejdace prae.tice and e.xpcriencc; but attention to 
the, prexH'ding liints will tend to h‘.s.sen .sojne of tlui many failures which arc .so frexpxcntly noticeable in, 
the work of tho.se beginning the subject. Some of the more important ])oints may be appreciated by 
comparing the two drawings of a piston (Fig. ifhS). 
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Use of squared paper. 



Fio. 250. 


It will l)(i notic'prl that -when the area of cross-section of a bolt is ffiven, or when 
it lias been found by ealcMilation, that its diameter together with ’ the propor¬ 
tions of tlic bolt-head and nut can be obtained from tabulated values, such as 
those in Table V. 

A simple relation between the diameter d and A,, the sectional area at 
the bottom of the thread, for bolts in common use (say from “to If-"), may 
be obtained as follows: 

Plot on s(|uared paper numerical values of and A,. The line which 
})nsses evenly through the jilotted points (Fig. 25G) pa.sses also tlvrough the. 
origin O. The e(|uatiou of the lino may be. written in the form 

A, = cd* ... (1). 

The value of the constant c is simply the slope of the line, it’, its value may 
be. obtained by substituting in (1) the values of Aj and d^ for any point in 
the line. 

Thus, at f, the values of Aj and d^ are Ft and 2’0, respectively. Sub¬ 
stituting the.se values in (1) we obtain 


11=0X2; 

■. c= -^^- = 0‘55. 


Hence, Ai = 0-55d* 

The section/d area of the bolt is 0'7854d^, and as O'o5 =/(,-x 0’7854 the relation is 

^1 - 

or the sectional area at the bottom of tlm tiiread = area of bolt. 

.-. d = ljd„ . 

or the diameter f>f the bolt = 11, diam. at the Ijottom of the thread. 
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Thu.«), when d, the diameter at the bottom of the thread is known, it is only neces.sary to add ^d, to 
obtain the diameter of the bolt. 

The relation between d, and d could also be found by plotting values of d, and d from Table V. 

The I'clation.s given on p. 51, eonncctiug the diameter d with the width aeros.s the flats and the di.stanee 
across tin! corners for nuts and bolt-heads, may be obtained by plotting the values given in Table V. 

The relation between d, the dia¬ 
meter of a rivet, and t, the thickness 
of the plate, may be found by plotting 
numerical values of d and Jx. The 
numerical value of c in the relation 
d = cyt is then found as on p. 31 to be 
r2, and the relation is d = l'2v/t. 

The various linear relations con¬ 
necting the .size of tlie key and the 
diameter of the shaft, the proportions 
adopted for couplings, pipes, etc-., may 
be obtained also by using .squared 
paper. 



Firs. 2r)7, 258.—Lantiosliire lioilcr. 

A. Adainflon riuj;: G.T. (lalloway tuboH ; M, Manhole d«x)r. 


Lancashire boiler. If the dia¬ 
meter is 7 ft. 6 in., pressure of steam 
90 lb. per sq. in., safe stress 5 tons 
per .sq. in., the thickne.ss of the shell 
plates may be obtained by the formula on p. 38, and the size and pitch of the rivets as on pp. 31, 36, 37. 

Th^ pressure on the end plates is very great. Thus, if eae-h flue (F) is 3 ft. diameter. 

Pressure on end plate = ^(7‘5^—2 x 3“) x 90 x 144-^-2240 = 173 8 tons. 

The method of staying by gusset stays (G) and bar stays (B) is shown in Figs. 257, 258. Detail 
(irawings on pp. l3, 57. 
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Water tubes. The efTeetive heating surface is increased, a ])etter circulation of the water in the boiler is ensured, 
and the strengtli of tlie furnace tubes is increased, l)y tapered or parallel water tubes. 'I’he tapered forrn, or Galloway's 

tubes, may be flanged at each end as is shown in Fig. 259, the hole at tlie 
uj)per end being made large enough to allow the lower flange to pass 
thiough. The tubes may be welded into the flues ; this arratigemcnt has the 
advantage that there is less fear of leakage at the joint, or of overheating at 
the riveted joints. 

The dimensions adopted are as follows :— 

Up to 2 ft. long, diameters of ends 8 in. ivnd 4 in. 

Over 2 ft. up to 2 ft. .‘5 in. „ „ 9 in. ., 4A in. 

Above 2 ft. 3 in. „ „ lOl in. ,, 5.Vin. 

Furnace tubes. 'I’hese are invariably of circular section, and are 
either plain or corrugated tubes of comparatively short, lengths connected 
by one of the joints, or strengthening rings shown in h’igs. 60, 61, 62. The 
object- of these rings is to strengthen the tubes, allow for expatision and 
contraction and prevent, collapse under external pressure. 

'I'he formula PD^- 2 ft. (p. 38) for a thin tube under internal pressure 
can be used only for a tube subjected to external pressure when the tube 
remains always of a circular form in cross-section; hence other rules or 
formula; are used as follows :— 



■f- 

Fir. 259. --^itillowav’.s 'rul>0H, 


(a) Fairbaim's Rule. p , ''' 

LxD ’ 

Pcollapsing pre.ssure lb. per sq. in.; L=-length in feet; t=^thickness in inches; and D internal diameter 
in inches. , 

This nile is based on the assumption that the sirengt.h of a tube varies inversely as its length, an assumption- 
which is not strictly correct,. 1'he collapsing j)ressure given by it is found to be too great for short tubes and too 
small for long. Hence, other rules are used, such as :— 


(b)p, 


46550t’ 


D x7l ■ 


i(') P 


90000t'' 

^(L + T)D 


(Board of Trade). 


(d) p 


9000t 

D 
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In any case, the safe or working pressure p found from (6) and (c) must not exceed that given by (d). 

Ex. J. Find the collapsing and .safe pressure for a furnace tube 3 ft. diameter, thickness | in., 3 ft. 6 in. long 
(between the rings). Let P denote the collapsing and p the .safe pressure. 



„ 806300 X (0-375)^ 

From (b) 

.36 X s/3-5 ^ ^ 

„ (c) 

90000(0375)' „ 

4-5x36 

» (d) 

9000(0.375) .o .,4 11 
p= -93-74 lb. per sq. m. 


Corrugated Furnace Tubes. The furnace tul)eji of many boilers are made in one piece, and corrugated. The 
corrugations, which are placed in a circumferential direction roimd the tubes, 
make the tubes much stnmgcr to resist (sollapsc ; they also give considerable 
elasticity in a longitudinal direction and greater heating surface. 

In Fox’s corrugated furnace, with tubes above 2 ft. diameter, the corru¬ 
gations have a depth of 2 in. and a pitch of 6 in. (Fig. 260). The Board of 
Trade rule is p==14000t/D. Where p and t have the same meaning as 
before, D —outside diameter at bottom of corrugation in inches. 

Morison’s Suspension Furnaces. In this form (Fig. 261) the corruga¬ 
tions comsist of a series of ribs, or comparatively sharp ridges, pitch 9 in., 
depth 2 in., connected by catenary curves. The Board of Trade Rule is 
„p=1360Dt/D. p and t have the same meaning as before. D is the least outside diameter in inches. 

Ex. 2. If the thickness of a corrugated tube is f in., diameter 3 ft., find the safe working pressure (a) Fox’s 
corrugated Furnace Tube (i») Morison’s Suspension Tube. 



(a) 

C.M.C. 


P=- 


14000x0376 
36 


= 146’8 lb. per sq. in. 


( 6 ) 


p=- 


13500 X 0-375 
36 


=1406 lb. per sq. in. 
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Connection of Parallel Plates. 'I'lie lower parts of tlie fire i)oxes of locomotives, vertical, and other boilers. 


are connected in various w'ays to tlie external shell of the hoilei 



Fits. —Ctrtuicftinn ot l*arallt’!l 


N.- 

M' 




(IV) 


Four sucii methods are shown iii Fig. 202 
(I), (11), (III), (IV). 

'I’he simplest connec¬ 
tion, (1), which is also 
used for the openings 
around furnace doors, 
(consists of a riveted solid 
rectangular bar. It is 
<*asily riveted and (;aulked, 
and is more generally 
used than any other for 
locomotive boilers. 

The objections to (111) 
is that sediment may 
collect in the recess R 


f 




) 


and cause corrosion of t he plates. Tiie forni show'n in (IV) is rarely used if the pressure exceeds 80 lb. per sq. in. 


Intersection of two cylinders. 'I’he intersection (or interpenetration) of two cylinders, such as the dome of a 
boiler, a main and a branch pipe, etc., is of frecpient occurrence. In Fig. 263 (1) the intersection of a main and branch 
pipe is shown. Sciction planes (which may be either horizontal or vertical), cutting both surfaces, furnish points 
in the required cuirve. 'Theses planes are most easily obtained by using two semicircles, dividing each into the same 
number of e<]ual parts and nundiering as indicated. 'Phe intersection of lines drawn through corresponding points 
determine points in the required curve. 'Fhus, projectors from the points 0. 1, 2, 3, on the horizontal cylinder to 
intersect the lines through O', 1', 2', 3' determine the points required. Finally, a fair curve is drawn through the 
points. When, lus at (11), tlie two diameters are equal, the cairve of intersection found as in the preceding case con¬ 
sists of two straight linos at 45° to the axis of the p'., e. If the branch pipe were made of sheet metal, it would be 
necessary before bending to the circular shape to cut the metal to the required form. This is effected by obtaining 
the development. 

Draw a straight line EG equal to the circumference of the smaller pipe (p. 83) and divide EG into twelve equd 
parts, as at Fig. 263 (III); number these as shown, and draw lines perpendicular to EG. Make E3 33, and 
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G3 equal to C3'. Points in tlie required curve are found by making the distances 2, 2, 1, 1, 0, 0, equal 
to the peipendicuhir distances of 2', 1' and 0' from the line AB. Drawing a fair curve through the points, the figure 
so obtained is the development required, and is the sliape to wliich the sheet inetal must be cut before bending. 



Fiti. 203.—lulcrscctioii (»f Main and Branch Pipes. 


If the larger cylinder be made by bending a sheet of stiff paper to the cylindrical form, then setting out the 
4evelopment on a similar sheet of paper and bending to a cylindrical form, so that the lines E3, G3 coincide, it will 
be foimd that the shape thus obtained will tit the larger cylinder. 

Marine Connecting Rod End. In Fig. 264 the elevation, end view, and plan of a portion of a connecting rod end 
18 given, consisting of a round rod and a rectangular block. The diameter of the rod increases as it approaches the 
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l)lock and the junction of tlie rod and block produces a curve as shown at C. To determine points in th i s curve a 
series of vertical sections indicated by the numbers 1, 2, 3 may be taken, from which points in the curve can be found. 
Thus, the end view of a vertical section ef will consist of two circular arcs sp, qx and the straight lines pq, xs. The 
points pq are obviously points on the surface of theldock, and a projection line from p intersecting the line ef at 2 
IS a point in the required curve. To obtain tlie vertex of the curve, a section mn is taken so that m3 is equal to the 



Km. 264,-Marine Conncctins Rod Knd. f’m. 265.—Forked End of a Conneoting Rod. 

width of the block. The limiting points in the curve arc obtained by means of a section through gk (the greatest 
diameter of the rod). Other points can be found by taking sections indicated in Fig. 264, and the curve required 
can be drawn through the points so obtained. The vertex of the cairve will be found to be a point if the width of th^ 
block is equal to the least diameter of the rod. 
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Forked End of a Connecting Eod. Another example of a machine part which is turned and planed {i.e. a plane 
section of a surface of revolution) is shown in Fig. 265 as in the preceding case, a series of vertical sections in the 
curve AB are taken; then points in the required curve are obtained by projection. Finally, a fair curve is drawn 
through these points. 

Ex. 6. Draw the three views of a connecting rod end to the given dimensions (Fig. 264); also find the curve 
at C when the width of the block is equal to the rod or 8 in. Scale 6" =1 ft. 



Wrought-iron Crank. In the elevations of a crank, as in Figs.^216, 217, p. 187, a curve is formed at the junction 
of the rectangular web and the cylindrical boss. The form and extent of this curve may be obtained by taking a 
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nmiiber of sections (as in the preceding cases), and delermining points in the curve. In Fig. 260 the elevation and 
end view of the larger end of a wrouglit iron or imld steel craiik is sliown. The curve of intersection begins at a 
and ends at b. Th(i latter is obtained by a projective fro?n f where the curve ef touclies the boss of tlie crank. 

'riie remaining points in the (mrve are found by means of sections, the construction lines of those are sliown 
in Fig. 2()6. 

Cast-iron Crank. 'The form of this crank is similar to that of the wrought iron crank except that the rectengular 
web is stiffened by means of one or two fcatliers F. When one feather is used it is placed in the centre, as in Fig. 
267 ; when two are used they arc placed on the edges of the web instead of at the centre. 

The (Tank is lixed to the crank shaft, and the crank pin to the 
crank, either by forcing or slirinking (see pp. 187, 188). The curve a, b, 
at tlic junction of the web and the boss at the larger end, may be 
obtainccl as in the precteding example, and is shown in Fig. 266. At the 
crank pin end the junct ion of the web, W, and the boss, C, determines 
the curve a, 4. h'ig. 268. The junction of tJie boss and the feather F 
gives the curve b, 2. The construction in both cases is shown in 
Fig. 2(»8. 

Wheel Teeth. The condition for smooth running when two wheels 
are in gear is that, the ratio of tfieir speeds must be constant, or the 
same as two non-slipping rollers, or cylinders, the diameters of which are 
the pitch circles of the wheels ; hence, from the relation V =wr and 
V =^o)jR (p. 95), the velocity ratio V/v must be constant and equal to cor/coiR. 

In Fig. 269 the jioints C and D arc the centres of a pinion and a 
wheel; r and R t he radii of the jjitch circles touching each other at the 
point P. Two teeth are in contact at m, n where m a point of tl^e tooth 
on the wheel is in contact, with n a point on the tooth of the pinion. 

From geometry it is known that when two curves (omitted in Fig. 
269) are in contact they have a common perpendicular TT. 

The points, m on the tooth of one wheel, in contjict. with the point n on the other, are moving with different 
velocities, tlie point m moving in the direction o1^ the tangent ,to the circle, centre D, velocity v, the point n in 
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the direction of the tangent to the circle centre C, velocity V; 
but the coiiiponenis of these velocities along TT iniist be the 
same or the two points m and n would have relative motion 

along the line TT. Let V| denote the comi)onent velocity of m 

and n in the direction of TT, draw DM, CN, from the centres D 
and C perpendicular to tlie line TT, then the ratio of the angular 
velocities is given by 

V, ^ V, _CN CP r 

DM ■ CN ■ DM " DP R‘ 


The required condition is, therefore, that the common per- 
pendic-ular to the profiles of the teeth at. any point wliere they 
are in contact must pass tlirough the pitch point. This condition 
is satisfied either by Cycloidal or bj’ Involute curves, and portions 
of one of these curviw are \iscd for tlie profiles of the teeth of 
wheels. (Neglecting friction, tlie pros.sure liet ween the teetli is in the 
direction of the common perpcnilicular at the point, of contact.) 


Cycloid. One method of describing a. cycloid is given on 
101 . Another is as followsDraw the rolling circle, the 

—--- tangent at A and make A 0 ", 

---- cqual to the arc A .6 (p. 

83). Divide the arc and the 
i 3 - 4 ' 5 ' 6 ' straight line each int o the 

pi..j.;.r ‘To same number of eipial 

i / 1 ? parts. Kig. 270. Draw lines 

y y ■■ parallel to AB through 1, 

Cl A ~ h I" ' • 'i"— 3 ^^—— 6 ”B i 2 ... 6 . As the circle rolls 

- along AB the points 1, 

270.~Cyoioui. 2 _ _ _ ^ Coincide in turn with 


Fi(i.^270.~Cyoloi(l. 



Fill. 869. 


*the points 1", 2" ... 6". Using each point 1', 2 '... 6' on the path 

of the centre in turn, radius equal to that of the rolling circlf, points on the required curve are obtained. 
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Rack and Pinion. 



Fio. 271.—KaoU and Pinion. 


A (!ycloi<lal curve may be used for the teeth of a rack, Fig. 271 ; thus, assuming the rack 
to be fixed, a point on the teeth of a wheel in contact with it will during its motion 
de.scribe a (iycloid, and hence the wheel will leave the rack smoothly if the face of each 
tooth of a rack is made of a cycloidal form. The flanks of the teeth are usually 
made radial. 

Epicycloid and Hypocycloid. The curve traced out by a point on the circumference 
. of a circle rolling on the outside of another (fixed circle) is an epicycloid, when it rolls 
on the inside a hypocycloid. Let C, Fig. 272, be the centre of the f&ed circle of which 
a portion AB is shown. D and E are the centres of the rolling circles in contact with 
J the fixed circle at P. The constructions nece.ssary to obtain points in both curves are 
Ihc same as these used in drawing a cyloid. Fig. 270. 



& 

Fin. 27*2. —Epicycloid and Hypocycloid. 


Involute of a Circle. If a straight line roll on a curve, the locus of 
any point on the line is called an inmlute of the curve. To draw an in¬ 
volute of the circle OABD, Fig. 273, make OC equal to the semi¬ 
circumference OAB (p. 83). Divide each into the same number of equal 
parts and draw tangents to the circle at points 1, 2 ... 6. Make the 
distances II", 22" ... fiO" equal to 01', 02' ... 06', a fair curve through 
the points 0, 1" ... 6" is the involute required. 

Involute Teeth. In¬ 
volute teeth for wheels 
are usually better 
adapted for general 
purposes than those of 
cycloidal form. The 
path of contact (locus 
of the points of con¬ 
tact of a pair of teeth) 
is a straight line in¬ 
clined at 76° to thi 



line of centres, or 15° to the tangent at the pitch point. “With involute teeth the direction of the pressure 
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between the teeth ia conatant, instead of i)eing variable as in cycloidal teeth. All involute teeth of the same 
pitch will gear together; also the distance between the axes of the wheels may be slightly altered without any 
change in the smooth working of the wheels. 

The curves for the teeth may be obtained by drawing an involute as in Fig. 273 or b}’’ drawing a straight 
line on a piece of tracing paper, placing the line in contact with the curve, and by means of a needle point 
rotating the line about the base circle. Mark the ends of the 
line, and finally obtain a circular arc to pjiss l^hrough the points; 
in this manner the required curve can be obtained. An ap¬ 
proximate method given by Prof. Unwin may be stated thus ;- 

Draw (Fig. 274), the pitch circle AB, the tangent TT at P, 
and the line CP at 15” to TT; the base circles are drawn 
touching the line CP. Make Pn equal to the height of a tooth, 
and mg = §mn ; draw the line fg touching the base circle at f ; 
then c the required centre is found by making fc ^fg, and a 
circular arc radius cP determines the required curve PC. 

The flanks of the teeth within the base circle are made 
radial. Contact of the teeth does not take place within the 
base circle. 

Helical and Screw Gearing. Wlien two wheels are in gear 
the motion becomes smoother as the pitch of the teeth is 
reduced, but this reduces the strength by diminishing the thick¬ 
ness of the teeth. The difliculty is ol mated as follows :—if \ j 

the teeth of a spur wheel instead of being parallel to the axis 'j. 

of the wheel are twisted through a definite angle, then what Fio. 274 .—involute Teeth, 

is called a single helical wheel is obtained. Fig. 275 (1). Two 

such wheels will gear together when the angles of the teeth are the same and they are suitably geared, but the 
obliquity produces side pressure. This difficulty is overcome by using double helical wheels shown at (II); the 
angle is usually about 30°. Hebcal wheels with machine-cut teeth transmit motion uniformly and noiselessly both 
for high and low speeds; they are largely used for milling machines, cranes, etc., also in reducing gears from a steam 
turbine to propeller shaft. Thus, in a Parsons double reductipn geared turbine, 3510 rev. per min., driving a 
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propeller shaft, at 78 rev. per min., the reduction gearing of 1 :45 in two steps is effected by using 'wheels and 
pinimis of doul.h>. holica,! t.ype ; tiie wheels are of .mst iron with stxicl tyres shrunk on, the pinions of nickel steel, 

axial pitch ,1, in. and 1 in. respectively, angle of teeth 30 . . , . . i • ui 

Worm Gearinff. A worm wiieel W consists of a wlusel with the teeth set. obliquely <>n its rim, and gearing with 
tbe thread of a sc-rew SS. Idg. 27(). 'Plie wheel will advance one, t \yo or three teeth for each revolution of the 
worm SS according as the screw thread consi.st.s ol a single, double or triple thread. 





Fid. '27G.—Worm mid W^orni Wlieel. 

W»|.m gdmng may I,a .i«l for rcla.-ing speed, as in some eleettie motors, for tigl.leni.ig the packing in a gland, 

.11 11 . +1 worm drives the wheel; in light mechanism the wheel may 

I. „S“lt 1™, iy irSnr»a«eX .ct,,. T.,e s^tion of the teeth of the worm 

of fpulley ma.y be made of ™nght iron or mild steel, and the 

rmitriiiinieei;' lftr"nv'r,ne„ce in hliifdUng and „»nuf»olu'’r,, apur and fly-wheel, of large diameter are 
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usually huiU-uj). One method of fastening the segments of the rmi to each other and to the arms is illustrated 
in Fig. 134 ; another method is shown in Fig. 277. The arms and nave of the wheel may be cast in one jhece as in 
Fig. 278. To lessen the strains due to une(jual contraction in cooling the nave is frequently slotted between the 



arms, as at SS These are fitted with metiil plates, and finally wrought iron or steel rings, WW, arc shrunk on to 
hold the parts of the nave firmly together. 
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Fig, 281.—^Double Spring-loaded Safety Valve for Boilers. 

View P is a sectional elevation taken along the line p*p*p»p« of 
figure Q, and view Q is a plan with parts removed. Draw views shown, 
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^ Bolt holes, 


‘Sole Tioles ft duf'- 


Phincipal Dimensions op Pedestal. 


Height to centre oF stepe -— 2/4 

Length of base or sole -—— I! 

Breadth of do ..— ---2^ 

Bolt holes in base, sue —- Ijbby^ 

do. distance apart, centre to centre,^ S' 


Cap Bolts, diameter of. -—- 

do. Distance apart, centre to centre — 3f* 

Brass steps, diameter oF bore -- 

do. length of . —- ■ 


Fig. 283.—^PedegtaL 

Draw elevation, pud view and plan, scale, full size. 
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Fig. 287.—l|-inch bearing. 

The <Ua< 2 ;rnTn gives dimensioned hand-sketches of details of a simple hearing. Draw full size, inserting 
dimensions: 

(a) An elevation corre.sponding with A, but in section, adding the fsap and one of the f" studs. 

(?>) An elevation, projected from («!, looking on the face indicated by the arrow. In this view 
the cap, cap screws, and the SLcds should be shown. 

(c) A plan. 

N.B .—Do not draw the pictorial view, nor the parts separated as in the diagram. Dotted lines, 
representing hidden parts, are not required. 





TYPICAL EXAMINATION QUESTIONS 



Fig 288.—^End of a Oonnecting-Link of an Air OomproBBor. 

■Make Ml operate scale dtawings of details, with dimeMOM as foUow. : 

(a) A “d a'^ond tod^^n^y c] yi'cTot the wedge 0. 

Cfd^lt th“i " "'"".rv Dotted lines 

• N.B.—^o credit will be given for drawing the parts assembled, as in e lagram. , 

representing hidden parts, are not required. 
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Questions. 

The Sketches in ansiver to these qn.estwns shotdd be drawn, freehand. 

1. Sketch full size, iuseiting dimensions, two v'ews of a wheel boss, fixed to a shaft by means of a sunk gib 


key, as follows: 

Diameter of shaft, 2" 

Diameter of boss, 4" 

Length of boss, ------- 3" 

Width of key, 

Depth of key, ------- f" 

Taper of key, J" per foot. 


2. Name the materials of which the parts of the 1^ inch Bearing, Fig. 287, and the several parts A, B, C, D, 
E and F of the end of connecting link of an Air Compressor, Fig. 288, would be constructed. 

3. Sketch full size, inserting dimensions, a 1" rag bolt or Lewis bolt, suitable for securing the frame of a 
machine to a stone foundation. Explain how the bolt is fixed in the stone. 

4. Explain briefly, with sketches, how you would set out, drill, and tap the hole marked H in the inch 
Bearing on the diagram. Fig. 287. 

< 

5. Sketch in section the armature of a small tlriim woimd motor, showing clearly how the stampings are 
secured. 
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Trace in ink the drawing of a crank shown. 

The lines should he very black, of uniform and moderate width, and as continuous as possible. 


CRANK. 
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Fig. 290.—A4itt8table Footiitep Bearing. 


Draw to scale and complete the two proiecti<>na partly shown in diagram, and also draw a vertical section 
through line EF, correctly projected, lodkmg in the diiectum |>f the arrow G. . 

Scale, i size. No dotted lines need be shown, and fi|piired dimensions need not be inerted. 
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Fig. 291.—Lift Valve. 

Draw, full size, an outside view 
corresponding to the vertical section 
shown. Draw also a sectional plan 
through line CD, with the spindle 
K removed. Finally draw a sectional 
elevation taken through the centre line, 
looking in the direction of the arrow 
marked H. 

Also make a plan and the two end 
elevations of the spindle marked K, all 
the necessary dimensions being shown 
on it. 

Scale, full size. 

No dotted lines need be shown and 
figured ’dimensions need not be inserted 
in the three first views. 




K.-urbf —■! ! 

! i 


•Imt holes 



-Izfi'- . 

_ I_J 

VERTICAL SECTION 


/inzM- fiM sUe'. 


i i 

1 

1 

t 

1 

■^rmsk' 

B 


MET OF OUTSIDI 
ILEVATION 
LOOKIHO IN THE 
MNECTION OF TNI 


5LI0IN8 


BUSH ran LIFTIN6 VALVE 



PART OF sectional PLAN THROUOH CJX 


206 


ANKOW R. 
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Questions. 

The Sketches in answer to these questions should be. a 


i^md on squared foolscap paper. 


would make tke ,pai5t» Jimrkod' lOl, N, O, P, in the footstep drawing, 
J^ig. 290. Also sketch an arrangement to prevent the-rotation of the footstep bearing (N) in the casting O. 

2. A wrought iron crank shaft is formed by bendin^\ round bar as shown in sketch. 


~cz 


kL. _ _ 

ws 


'A 
.1 _ 


‘'lO 

□—X 


How would you proceed to turn the part marked A? 


W ^ web 2' deep connected to top and bottom flanges, 1' wide 

efrdo “Sf "“T P'*"" r *" of ‘'‘O 

giracr, putting in the ncces.sary dimensions. Show also a suitable stiffener. 

4. Sketch to saile half size, inserting dimen.sions, a double-rivetted butt joint with two straps, as 
w"ij,l be *" P'"''’ of P'“« f" .Wb*« 

holding and insulating the bars of a commutator of a continuous 
current dynamo, iho shaft is 3" diameter, and the outside of the bars 8" diameter. 
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Fig. 292.—Tracing. 

Trace in ink the two views of the gland shown on Diagram. 
Insert the d^ensions and print the title as shown. 

The lines should be very black, of uniform and moderate 
width, and as continuous as possible. 
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0,0. Two W'sqiuuv-headed bolts for cap, 
4-ilt’long, with hexaponal nuts. 




Eig. 293.—^Hydraulic Stop Valve. 


Make full size separate scale drawings of details, fully dimensioned, as follows:— 


(a) Two views of the valve spindle A. The screw 
thread may be shown conventionally, as in the diagram. 

(b) Two views of the nut B. 

(c) Two views of the gland C. 

N.B .—No credit will be given for drawing the 
representing hidden parts, are not required. 


{<1) I’wo views of the bush D, 

(e) Two views of the seating E. 

{/) Three views of the cap F. 

{g) Three views of one of the J" cap bolts G, with nut. 
pbrts assembled, as in the diagram. Dotted lineS, 











EXAMINATION QUESTIONS 




Fig. 294.—Bracket. 

The fomi and dimensions of a bracket (for a lathe bed) are exhibited by two pictorial views. Draw 
tun size, inserting dimensions:— 

i" stS “8 88<^“ when looking in the direction of the arrow R. Put in the setscrew and 

(o) A plan. 

N.B.—Do not draw the pictorial views. Dotted lines, representing hidden parts, are not rennirp^ 
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Questions. 

The Sketches in answer to these questions should be drawn freehand. 

1. Indicate the parts of the stop valve, Fig. 293, which you would make respectively of brass, cast iron 
and wrought iron. Sketch a method of preventing the nut B from turning in the cap F. 

2. Explain briefly, with sketches, how you would drill or bore the f" hole K, and true up the faces 
marked K, K, in the bracket Fig. 294. 

3. Ycm arc given the diniension.s of a shaft coupling of the ordinary muff'or box type. Make dimensioned 
sketches, half size, consisting of an end view and a longitudinal section, with the .shaft ends secured by keys. 


Diannitcr of (ioupling outside - - - - - • 

Diameter of bore of coupling 2" 

Length (jf coupling 7" 

Width of keys - - - 


4. Sketch in section, full size, in.serting dimensions, a steam engine piston 6" diameter and If" wide, 
with three liamsbottom rings of section i" square. The conical hole for the piston-rod is If" diameter 
at the larger end, and the taper is 1" per foot. 

5. Dc.se.ribe briefly, with sketches, any method you would consider suitable for joining together the 
ends of a stranded cable made up of seven copper wires, each of No. 20 gauge, for carrying an electric current. 



IT^PICAI. ELIMINATION QUESTIONS 



Tracing. 

Trace in ink the expansion valve shown. 

The lines of the tracing should be black, uniform in width, and of moderate thickness. 





Section Action 

Through C.D. throuch A.B. 

Fia. 296.—^Bqnilibrim Acbnission ValT& 






Fig. 297.—A^ust^ble Bearing. 









274 


MACHINE CONSTRUCTION 


Questions. 

The Sketches in answer to these questions sIunM be dravm freehand, and are to he dravm either in pencil or ink. 

1. Sketch, in good proportion, giving a few leading dimensions, a muff or box coupling for the 

connection of two lengths of a machine shop main shaft 3 inches diameter. 

2. How would you proceed to mark off and machine the block Q, Fig. 297, in order to ensure that the 

centre line of the hole for the boring bar is exactly parallel to the sliding surfaces and perpendicular to the 
direction of vertical sliding ? 

3. The leading screw of a lathe is right-handed and has 4 threads per inch. It is required to cut 

a light-hand screw 8 threads per inch. Sketeth a suitable train of wheels, and indicate by the sketch 

how the wheels are supported. Assume that the wheel on the mandril has 20 teeth. 

4. Make a sketch of a switch for carrying a continuous current of 100 amphres, .showing it in position 
on a switchboard. The circuit voltage is aljout 200. 

5. Sketch a gib and cotter connecting rod end, and show clearly how the cotter is prevented from 
slacking back. 
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Draw either Example I or Alterttalive Example 2, hut not both. 

Also answer any two, but not more than two of the questions numbered 1 to 5. 
Trace in Indian ink on the tracing paper supplied the drawing shown. 


Example 1. 

Tumbling Bearing. 

The details of a tumbling bearing for a lathe are given on p. 276. The bearing is designed to 
support the long shaft at the back of a lathe in such a way that a boss projecting from the lathe saddle 
and encircling the shaft may pass the bearing freely in either direction. The boss moves with the saddle 
along the lathe bed, and eventually eomes in contact with the tumbling bearing, which it gradually 
displaces. The bearing falls sufficiently far below the shaft to allow of the passage of the boss. The 
tumbling bearing is restored to its vertical position after lateral displacement, and is maintained in the 
vertical position by the action of the bell-crank balance-weight levers gearing with the inclined ends of 
the vertical levers attached to the bearing supporting the long shaft. 

You arc reqixired to draw to a scale of one-half full size: 

(а) The left half of the outside elevation seen when looking in the direction of the arrow A. Show 
all the parts assembled together, so that the bearing stands in its normal position. 

Note.—The dotted lines required to show the outlines of the hidden parts of the levers must be shown 
in this view. ■ 

(б) Project from the half outside elevation (a) the outside end elevation. 

Note .—Dotted lines need not be shown in this view. 

Dimension lines are not required in either view. 
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Alternative Example 2. 

Engine Cylinder. 

The drawings of this example show one of a pair of cylinders for a vertical steam-engine. Neither 
the cylinder cover nor the steam-chest cover are shown. 

Arranging the vertical centre line of the cylinder lengthways of the paper, in order to have room 
to place the required views in their proper relative positions, draw to a .scale of one-half full size : 

(c) In the place of the outside elevation shown, a sectional elevation of the part to the left of MM, 
taking the section through PP. 

(d) An outside view, looking in the direction of the arrow S, of the portion you have drawn in section 
in answer to (c). 

Note .—In neither of these views are you required to .show the piston rod, gland, gland studs and neck 
bush, the cylinder cover, and the steam-chest cover. 

Neither dotted lines nor dimension lines need be shown. 
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Questions—only two to he answered. 

The sketches and answers to these questions are to he drawn freehand, either in pencil or in ink, 

near the written answer on the squawed foolscap paper attaciwd to the drawing paper. The sketches 

must not be made on the drawing paper. 

1. Make a careful freehand sketch of a lubricator of the kind used on the crank end of a connecting 
rod. Show how the oil is brought to the bearing, and very briefly explain the action of the lubricator. You 
may select a type of crank end suitable for either a locomotive or a marine engine, or a horizontal 
stationary engine. 

2. Calculate the thickness of plate for a cylindrical boiler shell, 5 feet diameter inside, so that there 
shall be a factor of safety of 6 whe.n the boiler pressure is 200 pounds per square inch. Assume that the 
strength of the longitudinal riveted joint is 70 per cent, of the strength of the plate and that the ultimate 
strength of the plate is 30 tons per .square inc.h. 

3. Make a bold freehand sketch of a 1-ineh stud .screwed to the Whitworth standard thread along 

2 inches from one en<l and long enough tf) allow a di.stan(‘.e of 2^ inches from the face of the boss into 

which it is .screwed to the other end. Explain, with the aid of sketches, how you would .screw the stud 
securely in place. 

4. Make a .sketch showing how a conden.ser tube is pac;ked in a tube plate. A.ssume a tube inch 
outside diameter and a tube plate 1 inch thick. 

5. The crank shaft of a petrol engine is coupled to the armature shaft of a dynamo. Sketch ^ny 
form of, coupling which will allow for a deviation of exact alignment in the two shafts. 
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Table I. 

USEFUL NUMBERS AND FORMULA 
^2 = 1-414, 1-732, ^/5 = 2•236, n/6^2-449. 

■7r=3-1416 or 3142 or >-• =0-3183. 

rr 

5r®=0-872. 1 inch = 2-54 cm. 

1 )b. = 453-0 graioH, 2J lbs. —1 kilogram. 

1 gallon of water=10 Iba.=01604 cub. ft. 

1 cubic foot, of watcr = 62-3 lbs. 

Vfilts X ani|)<!reH=watts. 

1 borao-i>ower=3.3000 ft.-lbs. jMjr iiiin. 

= 746 watts. 

1 radian —57-3 degrees. 

To convei-t common into Naperian logaritbins, multiply, by 2 3026 (c = 2-718). 

Mensuration Formulae. In the following formulae : A denotes area; S, surface j F, volume; a, b, c, the sides of a figure; A, the altitude ; 
I, the alaiit height; U and r, radii of circles. 

Reotangle or ParallHogram. A = ah. 

Triangle. A or \/»(»-«)(a- 6)(«-c), wbei-e s — i(a + b+<:). 

ITapezium. Parallel sides a and A. A = A(« + A)A. 

Olrole. tlircumference = 2jrr, A — a-r* or ir (fp — r“). 

HUpse. Semi-axes a and b. A—Trab. 

Simpson’s Rule. .4 =^(A|-t-4/J-p2C) where » is the sjaice or distance between two consecutive ordinates. A, is the sum of first and last 
ordinates, li is sum of even, and C is sum of the odd ordinates. 

Prism. A—2(06 +6c+(«-), r=a6c, diagonal=\V-*+6'''4-^ 

Oyllnder. A = 2-rr/i-P 2jrr“, r=5rr*/i. 

Cone. N=irrf+irr®, l'=Jjrr“A. 

sphere N=4ffr», r= jiirr>=0-.’j23ecP. 

Sing. S—iir^Rr, V—^irVR. 

Weight in Ujs. per cub. in. Cast iron, 0-26 Wrought igpn, 0 28; Steel, 0 29 ; Brass, 0-298 ; Copper, 0-319; Lead, 0-414. 


log n- =-0-4972 
log 2-718 - 0-4.343 
log -78.54 = 1-8951 
log 62-3 = 1-7945 
log 1728=3-2.375 
log -6236=1-7190 
log -1606=-l-2054 
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Table H. 
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Table IH. 

ANTII-CMiAUTTHMS. 


Table m. 
ANTIL0«AK1THMS< 
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Table IV. Table V. 

CHORDS OF ANGLES. WHITWORTH STANDARD SCREW THREADS. 


Dog. 


w 

S»' 

sa 


SO- 


O' 

IV 

29' 

SO* 

40^ 

60- 






^oa of 


















d 

Humber of 

Biameter 

CroB8'8ectiO& 

Vtdtb V 

Distaneo 
















UUUBetar of twiU 

threads 

at 

at bottom 

Across flat 

aoroRH 

0 

•000 

•003 

•006 

•009 

•012 

•014 

4li 

•705 

•708 

•771 

•773 

•776 

•779 


in tochoi. 

per inoiu 

bottom of 
IbFoad. 

of tbroad in 
square tuobes. 

udca. 

oornen. 

1 

•017 

•020 

•O.'S 

•U‘20 

•0‘0 

•032 

46 

•781 

•7HI 

•7h7 

•789 

•792 

*795 









•038 

•055 






•797 

•813 





•811 









8 

•032 

•058 

•061 

•<»64 

•007 

48 

•B16 

•819 

•821 

•8-24 

•8‘J7 


i 




0‘()6B 


0 819 

4 

•070 

•078 

•076 

•078 

•OSl 

•084 

49 

•829 

•832 

•835 

•837 

‘840 

•813 


•375 

16 

0*295 

0-7ui» 

5 

•087 

•090 

•093 

•096 

•099 

•102 

50 

•845 

•848 

•850 

•853 

•856 

*858 


i 

•5 

12 

•893 

-1214 

•919 

1-06 

6 

•105 

•108 

•110 

•113 

•116 

•119 

51 

•801 

•804 

•866 

•869 

•871 

•874 


t 

•625 

11 

•608 

•2027 

1*10 

1*27 

7 

•1T2 

•126 

•128 

•i:jl 

•IIU 

•JUT 

52 

•877 

•879 

•882 

•885 

•887 

•891) 


j 

*75 

10 


■3039 

1*30 

1-50 

e 

•139 

•112 

•1 IS 

•118 

•151 

•154 

53 

*892 

■805 

•898 

•l»00 

•903 

•605 



0 

•157 

•100 

•163 

•1*)6 

•108 

•171 

54 

•908 

•911 

■913 

•916 

•918 

•621 


i 

•876 

9 

•733 

•4220 

1-48 

l-7t 

10 

•174 

•177 

•180 

•183 

•186 

•189 

55 

•923 

•926 

•929 

•031 

•634 

•636 


1 

1 

6 

•840 

•5543 

1-67 

1-1»U 

11 

•11>2 

•105 

•1U7 

•200 

••203 

•206 

56 

•9D9 

•941 

•fiJ4 

•947 

<149 

•952 


u 

1-125 

T 

•942 

•0971 

1*86 

2-15 

12 

•200 

•212 

-215 

•218 

•221 

-22H 

57 

•951 

•957 

•959 

•992 

•964 

•967 


H 

1-25 

7 

1*067 

•8935 

2*05 

2-37 

18 

•226 

•229 

-232 

•235 

•238 

•211 

58 

•970 

•972 

•975 

•977 

•980 

•982 


14 

•214 

•247 

•249 

•252 

•255 

-258 

59 

•985 

•987 

•990 

•992 

•990 

•997 


i| 

1-376 

6 

1*102 

1*061 

2-*2l 

2*66 

15 

•201 

•204 

•267 

•270 

•273 


60 

TOOO 

1-002 

1-005 

1*007 

1-010 

1-013 


U 

1-5 

0 

l-:'8r 

1*301 

2‘4l 

2-70 

10 

•278 

*281 

•284 

•287 

•2.'0 

•293 

01 

1-015 

1*018 

l-O-’O 

l-0*23 

1-025 

1*028 


1| 

l-6*25 

6 

V36y 

1-472 

2-58 

2-97 

17 

•206 

•208 

•301 

•304 

•307 

•310 

02 

l‘0-«) 

1-033 

l-03v5 

1*037 

1*040 

1’01-i 


'1 

1 -r 

5 

1*4‘>4 

1-754 


3-18 

18 

•313 

•310 

•319 

•321 

•324 

•327 

03 

1-015 

1-017 

1-050 

1*052 

1*055 

1-057 



*■ ' 

19 

•830 

•333 

•336 

•839 

•342 

•314 

01 

i-ooo 

1-00‘J 

1-065 

1*067 

1-070 

1-072 


H 

1-876 

4*5 

l-5‘.*0 

l-t»80 

3*03 

8*49 

20 

•347 

•350 

•353 

•356 

♦359 

•362 

65 

1-075 

1077 

1-079 

1-082 

1-084 

1*087 


2 

2 

4*5 

1-720 

2*324 

8-15 

8-04 

21 

•364 

•367 

•370 

•373 

•376 

•379 

60 

1-089 

l‘Ot»2 

i-o-.n 

1*097 

1-099 

1-101 



2*125 

4-5 


2*656 

3-34 

8-85 

22 

•382 

‘884 

•9f>7 

•390 

■393 

•396 

67 

1104 

1*100 

1*109 

1*111 

1-113 

1*116 


21 

2-25 

4-0 

1-930 

.. j.. 

3-55 

4*09 

23 

•300 

•402 

•404 

•407 

•410 

•418 

68 

1-1:8 

1121 

1*123 

1*126 

1-P2H 

1*180 


* ... 

24 

•416 

•419 

•421 

•424 

•427 

•430 

69 

1‘183 

1*135 

1*138 

1*140 

1-142 

1’145 


21 

2-375 

4*0 

2ir..'> 

3-318 

8-75 

4*38 

25 

•433 

‘430 

•438 

•441 

•444 

•447 

70 

1‘147 

1*149 

1*152 

1*154 

1*157 

1*159 


21 

2-5 

4-0 

2-JSO 

3*734 

3-81) 

4-59 

20 

•450 

•453 

•456 

•458 

•461 

•4lU 

71 

1-161 

1*104 

1*160 

1*168 

1*171 

1-173 


2| 

2*626 

4*0 

2-395 

4-172 

4*05 

4*l’.8 

27 

•467 

•470 

•472 

•475 

•478 

•481 

72 

1-176 

1-178 

1*180 

1*183 

1*185 

I-ll’.7 


21 

2*76 


S'HSA 

4*46.1 

4-18 

4*88 

28 

‘484 

•487 

•489 

•492 

•495 

•498 

73 

VI 90 

1*192 

1*194 

1*197 

1*109 

1*201 


0 J 

20 

•501 

•504 

•506 

•509 

•612 

•516 

74 

1-204 

1*206 

1*208 

1*211 

1*213 

1*216 


21 

2-875 

8-5 

S'CMf 

4-943 

4*35 

6-02 

30 

•518 

•520 

•523 

•620 

•529 

•532 

75 

1'2IT 

1*220 

1*222 

1*224 

1-227 

1*226 


3 

8 

8-5 

•2-634 

5-4.M 

4-53 

5**3S 

81 

•534 

•537 

•540 

•543 

•546 

•648 

76 

1'231 

1-23! 

1*230 

1*238 

1*240 

1*243 


21 

8-26 

3*25 

2-855 

6*401 

4*85 

5-00 

82 

•551 

‘554 

•557 

♦560 

•582 

•605 

77 

1-245 

1-247 

1-250 

1*252 

1‘254 

1‘256 


21 

3-5 

8*26 

3-1U5 


6-17 

5*98 

8S 

•568 

*671 


•576 

•579 

•582 

7« 

1‘259 

1*261 

1-263 

1-265 

1-268 

1*270 


( iHO 

84 

•585 

•587 

•590 

•693 

•696 

•599 

79 

1*272 

1-274 

1*277 

1*279 

1*281 

1*2B3 


81 

3*76 

3*0 

. 3-32U 

8-678 

5*55 

6-41 

35 

•001 

‘604 

•007 

•610 

•612 

*615 

60 

1*288 

1-288 

1*290 

1*292 

1*204 

1*207 


4 

4 

3*0 

3-573 

lO-O-JT 

5-95 

6-87 

80 

•618 

•621 

•624 

•626 

•629 

•682 

81 

1*299 

1*801 

1*803 

1*305 

1*308 

1*810 



4*25 

2-S75 

3-804 

11*37 

6-87 

7*36 

87 

•035 

•637 

•640 

•643 

•046 

•048 

82 

1'312 

1*814 

1‘810 

1*819 

1‘321 

1*323 



4-5 

T r“‘ 

4'n5( 

12-91 

6*82 

7-8S 

88 

•051 

•054 

•057 

•659 

•662 

•665 

83 

1*325 

1-327 

1*830 

3 *332 

1-334 

rano 



89 

•008 

•070 

•678 

•076 

•079 

•csi 

84 

1-338 

1*340 

1*343 

1*345 

1*347 

1-349 



4-75 

•2*75 

4-284 

14*41 

7*30 

8’43 

to 

•684 

•687 

•680 

•692 

•095 

•698 

65 

1*351 

1-353 

1*355 

1*353 

1*860 

1-862 


6 

6 

2'75 

4-531 

16-14 

7‘fiO 

9*01 

41 

•700 

•70S 

•700 

•709 

•711 

•714 

86 

1*864 

1-366 

1‘368 

1-870 

1*372 

1*875 


H 

6‘25 

2*6*>r» 

4-76-i 

IT'Bl 

8-86 

9-64 

42 

48 

•717 

•733 

•719 

•786 

•722 

•738 

•726 

•741 

•728 

•744 

•730 

■740 

87 

B8 

1*877 

1-889 

1*379 

1*301 

1*381 

1‘893 

1*38*J 

TSOO 

1*885 

1*398 

1*387 

1*400 


3 “ 

5*5 

2 *6*25 

SDIS 

10*72 

8*85 
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44 

■749 

•752 

•755 

*757 

•700 

•703 

89 

1*402 

1*404 
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1*408 
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Air pump, valves, 205 ; bucket, 208 ; 
■■ Edward’s, 208. 

Alloys, 230 ; Babbitt’s n»etal, 231 ; 
^ Oun-metal, 231 ; Muntz metal, 

231 ; Naval brass, 231 ; Phosplior 

\ bronze, 231. 

Aluminium, 231. 

Angle of (wlvance, 204. 

Angle irons, 38, 225. 

Angular, measurements, 11; velocity, 
94. 

Area, of rectangle, 280. 

Arms, of wheels, 104. 

Babbitt’s metal, 231. 

Back gear, of a lathe, 253. 

. Ball bearings, 118. 

Bar stays, 57. 

Bearings, 108,143 ; Adjustable, 127 ; 
Ball, 118 ; Crank-shaft, 110, 126 ; 
Dynamo, 128; Electric motor, 
' 114 ; Footstep, 117. 


Belt pulleys, 82. 

Best bar, 224. 

Bevel wheels, 104 ; Skew, 104. 
Bisection, of a line, 22 ; of an angle, 
22 . 

Blue prints, 18. 

Boiler, Lancashire, 239 ; joints, 42. 
Bolts, 46 ; Cotter, 56 ; Forms of, 
53 ; Fracture of, 52 ; Lewis, 54 ; 
Prevention of rotation of, 53; 
Proportions of, 51 ; liag, 54. 
Bowling hoop, 40. 

Bracket, 108, 121, 233, 234 ; Pillar, 
113. 

Brass, 231 ; Naval, 231. 

Brushes and saucers, 17. 

Built-up crank shaft, 190. 

Butt, joint, 53 ; Combined lap and 
butt, 34 ; Strap, 33. 

Calipers, 6. 

Case-hardening, 226. 

Caulking and fullering, 32. 
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Chilled castings, 223. 

Chords, Table of, 13, 283. 

Circle, Area and <’ircumference of, 
280 ; Piis.sing through three points, 
22 . 

City of Borne, Crank-.shaft of, 191. 

Clinograph, 9. 

Clocks, 208 ; Standard |)lug, 208. 

Combined lap and butt joint, 34. 

Compasses, 2 ; proportional, 6. 

('one. Surface and volume of, 280, 

Cone keys, 70. 

Condenser tubes, 57. 

CJonical head, 30. 

Conical disc valve, 200. 

Connecting rod, 143, 162, 173 ; Box 
end, 176, 183 ; Marine form" of, 
177, 179, 243, 244; Section of, 
173 ; Strap and cotter, 174, 184. 

Connection of parallel plates, 242. 

Coupling rod end, 182. 

Constructions, Geometrical, 22. 
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Copper, 230. 

Corrugated tubes, 241. 

fiotter bolt, 56; Joints for tie rods 
of, 64. 

Counter-shaft, 90. 

Countensunk head, 30. 

Couplings, Box, 72 ; Half-lap, 74 ; 
Flange, 74 ; F]cxil)le, 78 ; Friction 
cone, 78; Loose, 72; Marino 
shaft, 75; Muff, 72; Oldham’s, 
75; Universal, 78. 

Crank, 142, 186, 187, 245, 246 ; 
Disc, 189 ; Gas engine, 186 ; Port¬ 
able Engine, 187 ; Overhung, 187. 

Crank .shaft-bearing, 116; Built-up, 
190 ; of City of Rome, 191 ; Loco¬ 
motive, 195. 

Crank pin, lubrication, 190. 

Crosshead, 142, 162, 164; Marine, 
166. 

Curved arms, 86. 

Cup leather, double, 160. 

Cycloid, 247. 

Cylinder, 143, 145, 203 ; Liner of, 
143, 217 ; Surface and volume of, 
280 ; Strength of, 137 ; Inter¬ 
section of two, 242. 

Drawing, board, 3; Engineering, 
236 ; Enlarging and reducing, 6 ; 
pen, 3, 9 ; pins, 4; rivet head, 
30 ; Scale, 10 ; Working, 18. 


Design, for a joint, 38. 

1 lianieter of rivet, 30. 

Dimensions, 11. 

Disc crank, 189. 

Disengaging coupling, 72, 76. 
Dividers, 2. 

Double spring-loaded safety valve, 
254. 

Double cup leather, 160. 

Double riveted lap joint, 32. 

Double acting pump, 218. 

Ductility, 224. 

Dynamo bearing, 128. 

Eccentric, 192, 194, 196, 197. 
liklward’s air pump,' 208. 

Effects produced by vibration, 226. 
Efficiency of joint, 37. 
Electric-motor, bearing, 114 ; Four- 
pole, 255. 

Ellip.se, 26 ; Area of, 240. 

Engine, Horizontal, 143 ; Steam, 217. 
Engineering drawing, 236. 
Epicycloid, 101, 248 
Equilateral triangle, 24. 

Expansion joint, 137. 

Factor of safety, 225. 

Fast and loost pulleys, 

Fettling, 222. 

Flat bars, 38. 

Flange joint, 130. 

Flexible coupling, 78. 


Flue joints, 40. 

Fly-wheel, 143. 

Footstep bearing, 117. 

Four-pole electric motor, 255. 

Force pump, 219. 

Forged steel, crosshead, 166 ; piston, 
149. 

Forms, of bolts and screws, 63 ; of 
rivet heads, 29. 

Fox’s tubes, 241. 

Fracture, of bolts, 62; of riveted 
joint, 34. 

French curves, 5. 

Friction, 228; Laws of, 229; 

Measurement of, 229. 

Friedion clutches, 95. 

Friction cone coupling, 78. 

Fullering and Caulking, 32. 

Furnace tubes, 240. 

Galloway’s tubes, 2.39, 240. 

Gas engine. Crank-shaft for, 186; 

Piston of, 162. 

Gas threads, 53. 

Gearing, Belt, 83; Helical, 249; 
Rope, 91 ; Screw, 249 ; Wheel, 
94 ; Worm, 250. 

Geometrical constructions, 22'. 

Gib key, 70. 

Girders, 223 ; Cast-iron, 223 ; Plate, 
226 ; Rolled iron, 226 ; Stay, 62.^ 
Gland, 167. 
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Gtuarcl ring, 148. 

Ginide liars, 143, 163. 

Eriiide block, 169. 

Grun metal, 231. 

Gusset stays, 43. 

Hand sketching, 20. 

Hangers, 111, 112. 

Hardening, 227 ; Case, 226. 

Helical gearing, 249. 

Helix, 47. 

Hexagon, 24. 

Hooke’s joint, 78. . 

Horizontal engine, 143. 

Hydraulic, packing, 159 ; Pipe joint, 
133, 135, 139; piston, 151 ; 

press, 235 ; stop valve, 210. 
Hypocycloid, 101, 248. 

[ndia-rubber, valve, 200, 206. 
tnking-in, 17. 

Inside lap, 204. 

Instruments, Use of, 7. 

Intersection of two cylinders, 242. 
Involute, 248. 

Cron, 221 ; Cast, 221, 222 ; Pig, 222 ; 
Wrought, 221, 224; Malleable, 
223. • 

loints, 28 ; Boiler, 42 ; Blown, 133 ; 
Butt, 29, 33 ; Cotter, 64 ; Design 
for, 38 ; Double-riveted lap, 32 ; 
’ Efficiency of, 37 ; Expansion, 137 ; 
Flange, 130 ; Flue, 40 ; Hydraulic, 


133, 135 ; Hydraulic pivot, 170 ; 
Knuckle, 63 ; Lap, 29, 32 ; Lead 
pipes, 133; Single riveted lap, 
30 ; Steel pipes, 136 ; Socket and 
spigot, 131; Tank, 136; Union, 
132, 141 ; Wijied, 133; Wrought 
iron, 132. 

Junk ring, 147. 

Keys, 68 ; Cone, 70 ; (lib, 69 ; Pro¬ 
portions of, 69 ; Sliding, 70; 
I’aper of, 70. 

Kinghoru’s valves, 208. 

Knuckle joint, 63. 

Lap, of a valve, 204. 

Lapping, 228. 

Lancashire boiler, 239. 

Lead, of a valve, 204. 

Lead pipes, 133. 

Lewis bolt, 54. 

Liners, 146. 

Locking arrangements, 59. 

liocomotive, piston, 146; Crank 
shaft, 195. 

Lubrication, 230; of crank pin, 
190. 

Malleable iron, 223. 

Manufacture of steel, 226. 

Marine engine, 116 ; Connecting rod 
for, 179 ; Piston for, 148 ; Valve 
rod end for, 185. 

Margin, 29. e . 


Measurements, 11 ; Angular, 11 ; in 
degrees, 11; of friction, 229 ; of 
radian, 12. 

Merchant bar, 224. 

Mensuration formula!, 280. 

Metal-flap valve, 206. 

Metallic packing, 145, 168. 

Metric projection, 14. 

Mitre wheels, 103. 

Modes of fracture of single riveted 
lap joints, 36. 

Morison’s suspension furnace, 241. 

Morti.se wheels, 104. 

Moulds, 222. 

Muntz metal, 231. 

Naperian logarithms, 240. 

Naval brass, 231. 

Nuts, Projiortions of 51 ; Projections, 
of, 49. 

Octagon, 24. 

Oldham’s coupling, 76. 

Outside lap, 204. 

Orthographic projection, 16. 

Overhung crank, 187. 

Packing, 168 ; Asbestos, 168 ; Hetnp, 
168 ; Hydraulic, 151, 169 ; Rings, 
146, 147; Metallic, 146, 168; 
Ramsbottom’s, 145. 

Parabola, 27. 

Parsons’ turbine, 249. 

Patterns, 222. 
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PedeHtal, 109, 124 ; Side, 125. 
Pencils, 1. 

Perspective projection, 14. 

TMiosphor bronze, 231. 

I’illiir bracket, 113. 

Pipe.s, 129 ; Lead, 133 ; Steel, 13G ; 

Wrought iron, 132. 

Pin joints for tension bars, 65. 
Pistons, 142, 145; Gas engine, 

162; Hydraulic, 151, 154, 155; 
Forged steel, 149; Locomotive, 
146 ; Marine, 148 ; Steel, 147. 
Piteh of screw threads,46; of rivets,29. 
Plate girder, 225. 

Plates at right angles, 39. 

Plug cock. Standard, 208. 

Polygon, Jlegular, 23. 

Press, Hydraulic, 235. 

Prism, Surface and volume of, 280. 
Printing, 6 ; frame, 18. 

Proportions of bolts and nuts, 51,283. 
Proportional compasses, 6. 
Projection, 13 ; of a hexagonal nut, 
49 ; Metric, 14 ; of a nut, 48 ; 
Orthographic, 15 ; Perspective, 14. 
Protractor, 12. 

Puddle bar, 224. 

Pulleys, Arms of, 83, 86 ; built-up, 
84, 250; Fast and loose, 86; 
Rims of, 85; Rope, 85, 91 ; 
Wrought-iron, 85. 


Pump, Double-acting, 218 ; Force, 
219. 

Rack, 100 ; and pinion, 248. 

Radian measure, 12. 

Rag bolt, 54. 

Ramsbottom’s packing, 145 ; Safety 
valve, 208, 211, 220. 

Rectangle, Area of, 280. 

Refining, 224. 

Regulating valve, 212. 

Regular polygon, 23. 

Resistance, of a riveted joint to 
fracture, 34. 

Rim, Chain-pulley, 86 ; Rope-pulley, 
85 ; Wire-rope, 85. 

Rivets, 28, 225 ; Diameter of, 30. 
Riveting, 28 ; Bridge and Girder 
work, 38 ; Butt joints, 33 ; Lap 
joint, 32. 

Rolling, 224. 

Rolled iron girder, 225. 

Rope pulleys, 85, 91. 

Safe working stress, 225. 
Safety-valve, Double spring-loaded, 
2.54; Rarasbottom’s, 211, 220; 
Spring-loaded, 215, 252. 

Saucers and brushes^ 17. 

Scales, 5. 

Screw threarls, 46, 60 ; Buttress, 60; 
Conventional methods for, 48; 
Gas, 53; Knuckle, 50; Sellers, 


.50 ; Square, 46, 49 ; Vee, 46 ; 
Whitworth, 46. 

Screw gearing, 249. 

Sections, 15 ; of bars, 18. 

Sectioning, 15, 16. 

Set screws, 53. 

Set squares, 1,4; U.se of, 8. 
Shafting, 71. 

Shaft couplings, 72; Box, 72; 
Flange, 74 ; Half-lap, 74 ; Loose 
or disetigaging, 72 ; Friction cone, 
78 ; Flexible, 78 ; Muff, 72. 
Slungling, 224. 

Shrouded wheels, 106. 

Simple geometrical construction, 22, 
Simpson’s Rule, 280. 

Simple riveted lap joint, 32. 
Single-acting engine, 151. 

Skew bevel wheels, 104. 

Slide bars, 162. 

Slide block, J70. 

Slide valve, 202, 204, 216. 

Smelting, 222. 

Snap head, 30. 

Socket and Spigot, 129, 131. •• 
Spanner, 62. ‘ 

Sphere, Surface and volume of, 280. 
Special bolts, 64. 

Speed cones, 88. 

Spring bows, 3. 

Spring washers, 61. 










